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RECENT ADVANCES IN SCIENCE 


WmS XATH£MATIC8. By F. Purybr Whitb, M.A.. St. John's 
College, Cambridge. 

The majority of the papers dealt with in this article have 
appeared in the Giornale di Matematiche di Battaglini, which 
is published in Naples under the direction of E. Pascal. As 
might be expected, the two chief departments of mathematics 
dealt with are Geometry and Integral Equations. 

Algebra and Analysis. — G. Usai {Giornale di Mat., 68, 1920, 
114-24) obtains values of the minimum and maximum expo- 
nents of an element i in the a-part partition of a number s. 
For * — I, the numbers had been calculated by Amaldi in 1918, 
but for other values of i the results are claimed to be new, 
although the author admits that he has not examined all the 
very extensive and complicated eighteenth-century literature 
of the subject. He verifies his results for the partitions of the 
number 12. 

The same author (ibid., 69 , 1921, 11-20) investigates the 
relation between certain symbols introduced by E. Pascal in 
the theory of differential forms and others used by Amaldi in 
his work on the successive derivatives of functions of any 
number of variables. 

The publishing in 1829 of Sturm’s rule of signs for deter- 
mining the number of positive and of negative roots of an 
algebraic equation made a great stir among mathematicians 
of the time and called forth a number of memoirs aiming 
at more convenient methods of obtaining the functions on 
which the theorem is based. Among these was one due to 
Mollame (i883), which is allied to the ckssical jpicess of B&out 
for determining the resultant of two equations, but which 
attracted little attention, and in fact, as published, could not 
be applied without mistakes to equations of degree higher 
than the third. G. Usai {Giornale di Mat., Cl, 1923, 77-91) 
gives an account of the method, with the necessary emenda- 
tions and with illustrations of its use. 

Cauchy developed a method, known as the theory of indices, 
for determining the number of roots of an algebraic equation 
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within a simple area, bounded by segments of rational curves. 
For the case of a circular area the problem can be reduced to 
Hurwitz’s problem of finding the number of roots with nega> 
tive real part ; M. Bosco (Giornale di Mai., 0O» 1932, 199-^213) 
investigates a similar reduction for any area ; he shows, in par- 
ticular, that the number of roots of the equation 

with real coefficients, which lie within the ellipse x'ja* + y*}b*^ i 
is equal to the number of roots with negative real part of the 
equation 

|[a(i + /•) + 2bq-* fl, (i - - o, 

less n. 

The determination of the real maxima and minima of a 
rational fraction of degree n, 

tm {a^ + a’aT”* + . . . + a»)l(b,P^ + 61 + . . . + i,), 

can be reduced to the determination of the proper double 
points of the linear series g, formed by the sets G, or which 
the function t takes the same value. For » — 2 the discriminant 
is a quadratic, and no difficulties arise ; the g, is an ordinary 
involution of pairs of points, and it is known that the exis- 
tence or not of real double points is characterised by the 
mutual position of any two pairs. For n- 3, the discriminant 
is biquadratic, and there are still known algebraic rules for 
distinguishing the cases of 4, 2 or o real roots. V. Notati 
{Giomtde di Mat., 60, 1923, 33-46) substitutes for these alge- 
braic rules geometrical considerations based upon the mutual 
position any two triads of the He shows that if the two 
triads separate each other there are no double points, that if 
they can be isolated there are 4, and that if two points of one 
triad are enclosed between two consecutive points of tke 
other, or if two points of one or of both are conjugate ima- 
ginaries there is ambiguity. 

In the last case a further investigation is required ; this 
may be perfonUed by transporting the g,^ on to a conic. 

It is an elementary theorem that a change in order of 
the terms of a non-absolutely convergent series may alter hte 
sum of the series, or, more precisely, if uj + «, + 1 . . + *^ + 
... be a series having an infinite number of positive tam$ 
at, and an infinite number of negative terms — b^, and the 
general term «. converges to zero while both series a arid i 
diverge, then the series does not possess the commutaitve 
property, and it is alwa3rs possible with a suitable change in 
the order of the terms to obtain a series converging to a nua^ber 
arbitrarily assigned (Riemann) or a series diverging to + 00 
or to - 00 or oscillating (Dini). O. Mignosi {GiormUe di Mktu 
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68 . 1920, 100-13) examines the matter without the restriction 
thit the general term shall tend to zero, showing that it is 
peasible to change the order of the terms so as to obtain 
Ijoth regular and non-regular series. He prefaces his paper 
with an account, after Cipolla, of the ideas of regular sequences 
or series, which have only one limiting value, finite or infinite, 
and of the commutability of series. 

It is well known that the first example of a function which 
is continuous and yet has no derivative was given by Weier- 

•a 

strass in 1 875 ; it is f{x ) « S 6*cos(7ro"*), where a is an odd integer 

« 

and b a positive number less than unity and ab >\’ir ■+ i. 
In 1890 the editor of the Bulletin des Sciences mathimatiques 
published a note found among the papers of C. Cell^ier 
(1818-89), not dated but marked " trte important, et je crois, 
nouveau," which gives another such function in the form of 

^(n) — Za"*sin (a"«), a being a positive integer sufficiently great. 

This can clearly be obtained as a special case of Weierstrass’s 
function by writing ttx Jir — y, 6 =» ± «“*, according as a* is 
of the form 4 w + i or 4 w + 3. But this makes |a6| - i, and 
the property of the function in question does not follow from 
Weierstrass’s work. A. Falanga (Giornale di Mai., 68, 1921, 
137-46) gives an account of Celldrier's method of investigation, 
which differs considerably from that of Weierstrass, and by 
means of it proves that Weierstrass’s more general function 
has no derivative for |a 61 ^t i. 

Differential Equations . — If we take a system of two 
homogeneous linear differential equations of the first order 

^ - ay + be, ^ ay + /Ss, it is easily seen that the ratio f - y/« 

satisfies a Riccati equation 

A natural generalisation is to take a system of (« -f i ) such linear 
equations and to form the equations satisfied by tne ratios of 
isof the unknowns to the (m+ i)th. The system arrived at is 
of the form 

f, +Ay,(f- 1, . . . n), 

where fi . . . and A are linear combinations of the y's ; 
such a system may be regarded as an extension of lUccati’s 
equation, and as such it has been studied by G. Andreoli (Rend. 
Napoli, 1919-21 ; Giornale di Mat., 80 , 1922, 33“64)‘ The 
same system can be arrived at in another way from the (« + 1) 
tiatear equations in the unknowns «„ . . . If we wish to 
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determine n coefficients h^, . , .jh, such that putting 

and substituting in the given equation the first shall be 
a consequence of the others, then the k's will have to 
satisfy precisely the same equation as the y’s. Many pro- 
perties of Riccati’s equation can be extended to the s3^stem in 
question ; for example, Weyr’s theorem on the invariance of 
^e cross-ratio of four particular solutions and that this is a 
characteristic property of Riccati’s equation, i^idreoli then 
investigates under what conditions there may exist some rela- 
tion, other than the fundamental one, between solutions. 
He also deduces geometrical properties of the rational normal 
curve of order (n + m), where m is the number of independent 
and n of dependent variables. The Riccati systems so obtained 
are related to a system of equations studied by E. Pascal ; if 
one or more of the unknowns are eliminated, getting equations 
of higher order, we get what Andreoli calls a secondary Riccati 
system, including as special cases the primary system and, 
when all but one of the unknown are eliminated, the equations 
of Pascal. The author shows how any secondary system can 
be obtained by equating to zero n determinants arbitrarily 
chosen from the minors of a certain fundamental matrix of 
(« + i) columns and an infinite number of rows, but he has 
not yet succeeded in determining necessary conditions be- 
tween the coefficients of a system for it to be a Riccati system, 
nor has he extended the geometrical properties to secondary 
systems. 

Considering a system of linear partial differential equations 
of the second order : 


_ 9‘/ .V 0/ 


o,'(A, I, 




E. Pascal in 1901 gave a definition of a complete similar 

to that used by Clebsch for first order equations ; he showed 
how to complete a given system and then, by consideration 
of the related total differential equations, how to determine the 
integ^ls. A. Chiaria (Giomale di Mat., 60 » 1921, i-io) obtains 
Pascal’s m integrals of such a complete system without the 
use of the total differential equations. 

Inte^al Equations . — For the integral operator of Volterra 

A{p)o^\Ax,y)p(y)dy, where the nucleus A{x,y) is integrable 

and bounded jn the field for which it is defined, the resolving 
operator R— ZA"“‘A* is an integral transcendental function 
of the parameter k which satisfies the relation R— j&AR-> A ; 
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and for such operators we have the theorem that the non- 
homogeneotis equation 


^(*)- k dy - f{x) 


is possible and determinate, having for any value of k a unique 
solution if>{x) — f(x) + ib R f(x), while the homogeneous equation 

^(x) — k^A.{x,y)^{y)dy’^ o has only the solution ^(*)-* o. 

In a similar way for the integral operator of Fredholm 
A(^) - ^Mx,y)i>{y)dy the resolving operator is a meromorphic 

function of h and we have the theorem that for any value of 
the parameter k which is not a pole of the resolvent, the non- 
homogeneous equation — 

i>ix)- A(*,y)<^(y)dy-/(*) 


has a unique solution i>{x) - f{x) + kRf{x), while the homo- 
geneous equation has only the solution ^{x) - o, but for 
a value A, which is a pole of the resolvent, the homogeneous 
equation has a finite number of linearly independent solutions 

and the associated homogeneous equation 4 >(y) - A{x,y)<l>(x)d^ 


has the same number of solutions. In this case, the 

non-homogeneous equation is impossible or indeterminate, the 
necessary and sufficient condition for the possibility of a 
solution being that the function f{x) shall be orthogonal to 
all the solutions of the associated homogeneous equation ; the 
non-homogeneous equation then has an infinite number of 
solutions, the difference of any two being a solution of the 
homogeneous equation. 

M. Nanni {Giomale di Mat., 58 , 1920, 125-60) deals with 
similar questions for the linear equations of order m with 
constant co-efficients 


(«j!,A"+ OiA""* -f . . . + a«)(®)-o 
and (<vA“-l- a^A*"* + . . . + a«)(o-)“«r, 

where the A is the symbol of an integral operator, o- is a given 
function and », <r are the unknown functions. Similar 
results are obtained, generalising those summarised above. 
The author makes use of the abstract calculus of linear opera- 
tions, -so that the results are valid, with slight modifications of 
form, not only for integral equations, but also for a more 
extended class of linear functional equations. The properties 
used have regard particularly to the continuity of linear 
functional operations, defined for a functional space, of which 
the elements «> are functions of a variable x, and two types of 
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such operations are considered, with the wromon OToporty 
of possessing for resolvent analytical functions of the para- 
meter k, whose singularities are independent in position and 
Idnd of the element operated upon and of the values of the 
variable x. These two types are the Volterra type, in which 
the resolvent is an integral function of k, and the Fredholm 
type, in which it is a meromorphic function of k. 

/While the theory of linear integral equations has reached 
the state of being an organic whole, the study of non-linear 
equations is still in its infancy. Contributions have recently 
been made to the theory by A. Vergerio {Annali di Mat.^ 81 * 
1922, 81--120 ; Giomale di Mat., 69 , 1921, 175-214). He first 
studies equation of the type 

u(s)- A(s)- 

where «(s) and k{s,t) are known functions, h{s) is the unknown 
function, and / is the symbol of a functional operation, subject 
to conditions to be specified later. He proves the existence of 
characteristic constants and characteristic functions of the nucleus 
k{s,t) relatively to the functional operation /, defines the com- 
fnete system of such constants and functions, and uses them to 
obtain the solution. He then passes to the equation 

u(s)- i^[A(s)]- <l>mg{s))]- ^^^hr(s,t)mt)]dt, 

where the ■^, and f, are symbols of functional operations ; 
this includes most of the types of integral equations which 
have yet been studied, the equations of Burgatti and the 
integro-differential equations of Volterra. 

By functional operation is meant any analytic operation 
which, applied to a function, generates a new function. Opera- 
tions which, applied to any finite function, do not introduce 
singularities are said to be regular ; otherwise they are 
sin^lar. An operation / is distri^tive if, for any two functions 
p{s) and ^(s) and for any constant c, we have 

ms) +/( s )>/[ 6 ( 5 )] + ms)l 

In the paper in the Annali, the author considers only regular 
distributive functional operations ; in the Giomale he examines 
certain types of equation in which they may be singular and 
also not distributive. 

Schwarz’s inequality for two real continuous functions, 
fix) and ihix), via. {^fix)Pix)di^* ^^^ix)dx has been 

proved by Schmidt by means of orthogonal functions a nd 
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Basel’s identity ; L. Tocchi {Giomale di Mai,, 50 « 193 1,11 5-33) 
g^ires a much more elementary proof and obtains a generalisa- 
tion to more than two functions. He then applies his new 
theorem to the investigation of the roots of the transcendental 
equation D(X) - o studied by Fredholm. 

Abelian Functions. — ^The first general systematic investi- 
gations of algebraic varieties from the point of view of reality 
were made by Klein {Riemann'sche Fldchen, 1894) and by 
Comessatti (1912), the former treating algebraic curves with 
symmetrical Riemann surfaces, and the second rational sur- 
faces. In this connection the antibirational transformations 
introduced by Comessatti are of great importance. S. Cheru- 
bino {Giomale di Mat., 60 , 1922, 65-94 ; 61 , 1923, 47-68) 
attacks the question from the point of view of Riemann 
matrices, a conception due to Scorza {Rend. Palermo, 41 (1916)). 
A real Riemann matrix is defined as one admitting of an in- 
volutory Riemann anti-substitution ; the Abelian variety 
to which it belongs is then real, i.e. admits of an involutory 
anti-birational transformation into itself. The Abelian varie- 
ties which are birationally identical with the same real variety 
can be divided into one or more real classes — members of the 
seme class being transformable into one another by real bi- 
rational transformations ; the author concludes by determining 
the number of such classes for a non-singular Al^lian variety. 

Geometry. — G. Pittarelli {Giomale di Mat., 81 , 1923, 93- 
io8) gives an account of the geometrical work of Nicola Trudi 
(1811-84) and of Achille Sannia (1822-92). 

In the polar theory of plane algebraic curves the curve whose 
equation is 



is called the mixed second polar of the two points y and t 
with respect to the curve /(*, *|)- o. G. B. Zecca {Giornah 
di Mat., 58 , 1930, 239-32) investi^tes the particular case in 
which the curve breaks up into a system of n straight lines 
and the two points are the circular points. In 1909 he had 
considered systems of lines for which this polar is indeterminate ; 
he now shows that the polar has all its points at infinity only 
when »-a or when n-3 and the lines form an equilateral 
triangle. He also shows that if the lines form a regular 
polygon the polar curve consists of i concentric circles, if 
N is even, and of |(n- 3) concentric circles together with the 
fine at infinity, if n is odd. 

In the theory of invariants there is a well-known principle 
of translation due to Qebsch by means of which any invarian- 
tive property, expressed by the vanishing of an invariant or 
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by the identical vanishing of a covariant of a binarjr fc^ 
may be transferred to the ternary field and gives a projective 
property of a ternary form (see, for instance, Grace and Young, 
Algebra of Invariants, pp. 265-7). I® ^ foot-note to the Lemons 
sur la Giomitrie (t. i, p. 348), Clebsch applies his principle to 
the inflexional tangents of a cubic curve <^,*“0, which are 
obtained as the common tangents of a system of curves of the 
fourth class 

{abuy{attv){buv) — o, 

the »„ Vf, Vs being parameters. D. Mercogliano {GiorndU di 
Mai., 60 , 1922, 95-102) works out the details of this result, 
obtaining the equations of the 16 linearly independent curves 
of the system, and examining the cases in which the cubic 
curve has a double-point or a cusp. He also obtains another 
system of curves, of class 6, given by {abuy{cbu){cvu)\avu)’^ o, 
whose common tangents are the inflexional tangents of the cubic. 

The most fundamental method of investigating the pro- 
perties of a rational plane quintic curve is, of course, to con- 
sider it as the projection of a normal quintic curve in space 
of five dimensions. This is the method which has been used 
with success by Marietta and more recently by Hjelmman 
{Ann. Soc. Fenn., A 3, 1913, No. ii) to obtain synthetically 
properties of the rational twisted quintic in three dimensions. 
W. Mueller {Giomale di Mat., 80 , 1922, 103—98) applies it 
systematically from the point of view of invariant theory to 
connect up and unify various known results for the plane 
curve due to Berzolari, Stephanos, and Stahl. He first investi- 
gates the invariants and covariants of a single binary quintic in 
their relation to the normal curve, and then goes on to the combi- 
nants of pencils and nets of such forms. He thus obtains the 
most important covariant curves of the rational plane quintic, 
develops the theory of osculants, due in the first place to Jolles, 
and of the fundamental involution (Stahl) and proceeds to the 
study of a net of cubic curves with a common double-point, 
and its Jacobian, a rational sextic with a s-ple point, projec- 
tively related to the quintic. He concludes with a study of 
sonK special forms oi the (juintic, in particular, the curve 
wth a 4-ple point and the conjugate curve, in connection with 
Goraon s invariant theory of the binary septimic, and curves 
with points of hyperosculation. 

A j^lygon inscribed in a space curve and such that the 
osculating plane at any vertex passes through the next vertex 
IS said to a principal polygon of the curve. In 1887 Zecca 
aetermined the principal polygons of a twisted quartic with 
a double-pomt. His work was amplified by A. Brambilla in 
i 89 », but without distinguishing between real and imaginary. 
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P. Locchi {Giornale di McU., 69# 1921, 81-92) investigates the 
question for a general rational twisted quartic by means of the 
^oup of the three biaxial involutions whose axes are the 
three pairs of opposite edges of the principal tetrahedron. 
He shows that the 8 principal triangles can be divided into 
two tetrads, each consisting of a triangle and its three trans- 
forms by the involutions and that the planes of each tetrad 
form a tetrahedron desmic with the principal tetrahedron. 
Similarly, of the 18 quadrangles, 12 are plane and consist of 
3 tetrads with similar properties, while the remaining 6 fall 
into 3 pairs of skew quadrangles of which the diagonals meet 
respectively the 3 pairs of opposite edges of the principal 
tetrahedron. Going on to the case of a quartic with a double 
point, Locchi shows that the line of intersection of the oscu- 
lating planes at the node is the only real principal chord, while 
the proper principal polygons are all imaginary. For the case 
of an isolated point the ordinary parametric representation, 
due to Weyr, « ; y : * ; / «■ X : X* : : X* + i , does not give a 

real tetrahedron of reference, but the author obtains a new 
representation « :y :e - i +X* : X'(i + X‘) :X(i h-X*) : A(i - X*)* 
and shows that all the principal polygons are real. He then 
goes on to consider the Steiner polygons of the quartic, for 
which the sides are alternately coplanar with two fixed chords 
of the curve. For the case of a node the only real proper 
polygons of this kind are quadrangles, but for an isolated 
point Steiner polygons of any even order exist. The paper 
closes with a note on circumscribed polygons. 

The investigation of the curves which lie upon a cubic 
surface is a familiar question, for which reference may be 
made to the work of Cremona and Sturm and to papers by 
Rohn {Leipeic Bet., 46 (1894) and Baker {Proc. London Math. 
Soc., (2) 11 . 1912, 285-301). In Prof. Baker’s treatment, 
every algebraic curve on the surface is shown to be co-residual 
with seven elements of the surface, each taken a certain number 
of times ; these may be taken as the six lines o,, oj, . . . a, 
of one row of a double six and a twisted cubic u associated 
therewith, and we may represent our curve by the symbol 
X« + lJ^al 4 - X,a, + . . . + XnO, where X, Xj, . . . X, are integers. 
If m is the order of the curve, then we have 3X + 
and by considering the genus of the curve we get an in- 
equality X*— Ifx ,* ^ m— 2. These conditions have to be solved 
in integers in order to obtain all irreducible curves of order 
M on the surface, and this can easily be done systematically 
by a procedure suggested by Prof. Burnside (/.c., foot-note, 
p_. 291). Gearly curves of the same type, though related to 
different double sixes, will arise separately. A method re- 
cently devised by M. Piazzolla-Beloch {Giornale de Mat., 69 , 
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1921, 47-72), who does not seem to be aware of Prof. Baker’s 
work, does not have this drawback and enables the author to 
obtain results of a general kind. She defines the curve 1 ^ 
the number of points in which it meets the lines of the surface ; 
the line meeting it in the greatest number of points is taken 
as flj, and for bi the number is greater than, or at most equal 
to, the numbers for the other a’s, 6’s, and c’s. Calling the 
numbers a, 7 respectively, is put equal to tn — a, and 
they are all easily expressed in terms of m, o, and 7 ir 3 , 
... 6). They also satisfy various inequalities, in particular 
6 

» and The curves are then classified accord- 

ing to the value of a. For a - i we get rational curves, of 
one type only, the numbers being different according as m 
is even or odd. For a ■■ 2 we have hyperelliptic curves, 
4 types when m is even, and 3 types when m is odd. Details 
are likewise given for ® "■ 3, and for the maximum value of », 
the greatest integer in \nt. For m 3s vre get the result that 
every curve of order 3s on a cubic surface not having more 
than s intersections with any line of the surface is of the maxi- 
mum genus im(m - 3) + i and meets every line in s points ; it 
is clearly a complete intersection with a surface of order s. 
Results of a similar nature hold for w -• 3s + i and w ■» 3s + 2. 

The investigation of birational transformations of space is 
naturally bound up with that of rational surfaces and their 
representation upon a plane, and both matters have been the 
subject of several recent papers in Italian journals. Cremona 
determined all the homaloidal systems of surfaces to which a 
given rational surface F belongs by- using a plane representa- 
tion of F and applying the known properties of plane birational 
transformations. A more direct method was invented by 
Loria in which use is made only of properties of the stuface F 
and not of extraneous elements, and he applied this to deter- 
mine all the birational transformations of space to which a 
general cubic surface gives rise — all but one had previously 
been found by Cremona. C. Aroldi (Giomale di Mai., M, 
(1920) i7|“92) works out the similar problem for the quartk 
surface with a double conic, and N. Berardi {ibid., 81 {1923}, 
109) a pupil of Montesano, enumerates results of the same 
land for the quintic surface with two skew double straight 
lines and a triple straight line meeting them both. Another 
pupil of Montesano, C. Nobile {ibid., 89 , 1921, 147-74) enume- 
rates 32 other birational transformations likewise determined 
by homaloidal systems of surfaces whose plane sections are 
of genus 1. Incidentally the author obtains the plane repre- 
sentations of various rational surfaces of orders 6, 8, and 9. 
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In the opposite direction is the work of A. Tummarello 
(Hid., 58 (1920), 60-6) who uses birational transformations of 
space to obtain general types of rational surfaces. Surfaces of 
order m with an (tn - i)-ple or an (m - 2)-ple line are known 
to be rational ; he goes -on to consider rational surfaces with 
an (m — 3)-ple line, which must have other singularities. He 
shows that if such a surface has (m — 3) ordinary triple points 
then it can be transformed birationally into a cubic surface, 
a quartic surface with a triple point, and a line not through 
this point (Cayley’s monoid with transversal) or a quintic 
surface with a double line and 2 triple points (investigated by 
Cremona and Montesano), according as tn is congruent to o, i, 
2 to modulus 3. These three surfaces are all rational, hence 
the same is true of the surface of order m. The author gives 
the plane representation and discusses the special cases which 
arise owing to the presence of further nodes. The pencil of 
planes through the multiple line gives a pencil of elliptic cubics 
on the surface, so that the investigation is related to two 
papers by Marietta (Rend. Palermo, 41 , 1916; 48 , 1917) on 
surfaces of order 6 and 7 with such pencils of curves. In a 
still more recent paper G. Nobile (Giornale di Mat., 60 , 1922, 
23-32) generalises this work to some extent by considering 
rational surfaces of order m with an m-v-ple line and 
I'-ple points (v>2). The author proves that if there are b 
such v-ple points, of general position, then the surface is 
rational if, a being a positive integer, 

! i) /fe- 3a + I and m- P’-pa + 1, 

2) A »■ 3« + 2 and m - P’-Pa + 2, 

3 ) 3 « + 3 and K- TO + 3. 

For p- 3, this gives Tummarello ’s result. Case 3 arises only 
for V - 3 ; in case (i) there are no other multiple curves, but 
in case (2) there is a (» - 2)-ple curve of order 2a + i meeting 
the multiple line in 20 points and passing through 30 + 2 of 
the v-ple points. 

By means of vector anal3rsis F. Sibirani (Ciomale di Mat., 
1921, 31-6) finds all the developables which have a given 
diisector-cone and for which every generator lies in one of the 
planes of an assigned simply infinite system. 

M. de Valle de Paz (ibid., 73-80) shows that the real pseudo- 
spherical congruences with imaginary foci obtained by Bianchi 
ia 1915 exhaust all possible types. 

In 1880, while investigating the representations of ima- 

g 'nary quantities by means of geometrical elements, H. 

uport arrived at a class of congruences satisfying two special 
conditions. If f(xcif)^o is the equation of a plane curve in 
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rectangular Cartesian co-ordinates, expressing that a point 
(« + »?, + iQ) lies in the curve and equating real and ima- 

ginary to zero, we get two equations connecting «, P, P, S?. 
The Unt x- a + Qz, y- 0 - Pe thus belongs to a congru^en^, 
for which it can be shown (i) that the product of the 
distances of the foci A, A‘ of any ray from a fixed line is con- 
stant, and (2) that the traces on a fixed plane of the tangent 
planes to the focal surfaces from the foci are orthogonal. 
Moreover, both focal surfaces satisfy the differential equation 


dx* dy* 




S. Ricca {ibid,, 21-30) investigates by means of moving 
axes all congruences satisfying conditions (i) and (2) and 
obtains an inversion of the theorem of Du port. 


AtTXOVOMT. By W. M. H. Greaves. M.A., Royal Observatory, Green- 

widtu 

Relativity Displacement of Spectral Lines. — Einstein's predic- 
tion of the displacement towards the red of the lines in the 
solar spectrum has been confirmed independently by J. Ever- 
shed and C. E. St. John. A r6sum6 of Evershed’s work is 
given by him in The Observatory, vol. xlvi, no. 53, pjp. 299 
304, October 1923, and St. John's results are given in Monthly 
Notices, R.A.S., vol. Ixxxiv, no. 2, pp. 93-6, December 1923. 
The success of the work in each case depends on the fact that 
pressure shifts are negligible, a fact which was first recognised 
by Evershed, and afterwards by St. John. The recognition 
of the smallness of the pressure effect is important, as it has 
enabled the investigators to use well-defined metallic lines 
instead of confining their attention to the cyanogen bands 
which are free from pressure effects, but which are unsuitable 
on account of their complexity. Both Evershed and St. John 
find that the Rnstein effect is present and that in addition 
there are other residual effects consisting of radial motions, 
which, according to St. John, are downward for high levels 
and upward for low levels, and of an excess of shift at the 
limb as compared with the centre. Evershed offers no ex- 
planation of the limb effect, but St. John explains it as being 
due to differential scattering in the longer paths traverseo 
through the solar atmosphere by light coming from the limb. 
Further confirmation of the Einstein effect is furnished 1 :^ 
Evershed’s measurements of the lines in the spectrum of 
Venus. 

Deflection of Light in the Sun's Gravitational Field . — Further 
ronfirmation of the deflection of light in the sun's gravitational 
field is given by G. F. Dodwell and C. Davidson in Monthly 
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N0HC0S, vol. Ixxxiv, no. 3, pp. 150-62, January 1924. The 
paper deals with the plates obtained by the expedition which 
under the direction of Dodwell observed the total eclipse of 
1922, September 21, at Cordillo Downs, South Australia. 
The plates were afterwards sent to Greenwich for measurement 
and reduction under the direction of Davidson. A striking 
novelty consists of the photographing during the eclipse of a 
check field, a few degrees from the sun, on the plate which 
has already been exposed to the eclipse field. This is com- 
pared with a similar plate taken some months after the eclipse, 
and the comparison field gives a determination of any change 
of scale value which is then applied to the eclipse field. In 
this way a troublesome source of systematic error is eliminated. 

The result obtained for the gravitational displacement at 
the sun's limb is The predicted value is i''*74. 

The probable error is thus unfortunately large. This must 
be attributed to the small size of the instrument and the 
faintness of the images arising from the low altitude of the sun. 
It is particularly unfortunate that this should have been so, 
for, had the instrument used been more sensitive and the 
conditions good, the determination of scale change in the 
manner indicated above would have undoubtedly made the 
result the most satisfactory confirmation of Einstein’s predic- 
tion that has yet been obtained. 

The Absorption of Radiation Inside a Star, — A. S. Eddington 
[Mofdhly Notices, vol. Ixxxiv, no. 3, pp. 104-23, January 1924) 
adopts a theory recently elaborated by H. A. Kramers which is 
based on an assumed correspondence between classical and 
quantum dynamics and which leads to formulse in close agreement 
with laboratory experiments. Kramers 's theory gives in the first 
place a formula for the intensity of the continuous spectrum 
caused by the encounters without capture of electrons with 
nuclei. In radiative equilibrium the emission so obtained 
must be balanced by absorption, and Eddington thus obtains 
a formula for the contribution made to the absorption co- 
eflSiCient in a star by the process considered by Kramers. 

Kramers also gives a theory of the encounters resulting in 
the capture of an electron with the emission of radiation, 
^ain, this must be balanced by absorption, ^dington 
calculates the corresponding contribution to the absorption 
coefficient k for the case of the star Capella for which the 
necessary data are known and finds that its contribution is 4*9i 
at the centre of the star. The contribution to h due to the pre- 
vious process is found to be 0*65 and the value of h as derrved 
from observational data is 47*5, so that Kramers 's proc^ses 
only account for an eighth of the astronomical value. An 
examination as to whether any legitimate changes in the 
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adopted data would give better agreement leads to a nejjatiw 
result. It appears that we would get exact agreement if Ae 
star contained sufiicient hydrogen, but the corresponding 
brightness of such a star would be too low. 

Eddington also considers the contributions to the absoro- 
tion coefficient corresponding to other processes — ^namely, the 
encounters of free electrons with one another, and the excita- 
tion of electrons from their normal orbits to higher quantum 
orbits. He finds that these contributions are neglimble in the 
astronomical case, but points out in a postscript that the in- 
vestigation of the excitation process is inconclusive. In the 
course of the investigation the state of ionisation in Capella is 
examined, and it is found that the mean molecular weight must 
be about 2*2. 

In an investigation of this kind it is necessary to be cautious, 
and although the investigations indicate that the disagreement 
between the absorption coefficient corresponding to Kramers 's 
theory and that determined from the astronomical data is 
outside the limits of uncertainty, Eddington is the first to 
admit that we cannot be quite sure of this. His (Eddington's) 
previous theory of nuclear capture, in which the effective agent 
was emission by electron captures resulting from collisions with 
nuclei, gave very good results, and he feels that he must hesitate 
in discarding it in favour of a theory for which agreement 
with astronomical data is poor. At the same time Kramers 's 
theory is in accordance with laboratory experiments. It is 
possible, of course, to combine the two processes, but Eddington 
points out that this will lead us to assume that in the cases of 
capture by nuclear collision the captured electrons fall mainly 
into high level orbits and not into the inner K and L rings. 

A Statistical Study of the Near-by Stars. — ^W. J. Luyten 
{Harvard Annals, vol. Ixxxv.no. 5) gives a statistical study of 104 
stars considered to be within lo parsecs of the sun. Luyten 's 
paper contains a large mass of interesting information, and it 

15 impossible to do it justice in an abstract such as this. We 
may, however, mention a few of his results. 

The solar motion from these stars comes out to be 25 km f sec 
directed towards R.A. 278* and Dec. 36“ N. A linear relation 
is found between the quantities H-m+5+5 log /* and 
M,-w+ 5+5 iog IT, where m- apparent magnitude, rr — 
parallax in seconds of arc and — annual proper motion in 
seconds of arc. Functional relations are established statis- 
tically between the absolute magnitude M on the one hand, 
and on the other the colour index, the linear diameter, and the 
density. On the assumption that Kapteyn’s luminosity and 
density law hold throughout the stellar system, the total mass 
of the Kapte3m system is computed to be 1*4 x 10* times the 
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sttp's HUMS. For details and further results, the reader must 
b« referred to the paper itself. 

Absolute Magnitudes and Parallaxes. — R. K. Young and 
W. E. {Journal of R.A.S. of Canada, vol. xviii, nos. 1-2, 

PP- 9~S9> Jan.-Feb. 1934) give an account of some work 
which has been performed recently at the Dominion Astro- 
physical Observatory at Victoria. This work consbts of the 
determination of the spectroscopic absolute magnitudes and 
parallaxes of 1,080 stars, and the complete publication of the 
material is to be expected shortly. In the meanwhile the 
authors have presented us with this account of their work. 
The general programme was planned along the lines set forth 
at Mount Wilson, but Young and Harper introduce some 
improvements. Their determinations rest upon more spectral 
lines than those at Mount Wilson, and they have developed 
a method whereby the step, this being the unit of intensity 
ratio, is fairly well defined. Their method consists of the pre- 
paration of an artificial spectrum which is used as a standard 
of reference whereby intensity ratios are estimated. The 
preparation of the standard consists in the photo^aphing, by 
several successive exposures on the same plate, in the same 
position, of an illuminated opening, across which are placed 
a numMr of wires of standard size. Between each two 
exposures one of the wires is removed, and the result is an 
imitation spectrum with absorption lines of different intensities. 

Comparison of the results with those obtained at Mount 
Wilson shows good agreement for most spectral types, but for 
the late K type giant stars there is a discordance. For these 
stars Young and Harper obtain a range in absolute magni- 
tude of almost five magnitudes, whereas the Mount Wilson 
observers get a range of little over one. 

Internal Motions in Spiral Nebulee and a Proposed New 
Co5m«c Force. — ^The measurements of Van Maanen of the 
internal motion of spiral nebulae form the basis of an inter- 
esting paper by J. H. Jeans in Monthly Notices, vol. Ixxxiv, 
no. 2, pp. 60-70, Dec. 1933. 

It has been shown by v. d. Pahlen that the arms of normal 
spiral nebulae are approximately equiangular spirals. Jeans 
Points out that this renders it highly probable that the motions 
m progress in the arms must be such that these change into 
new equiangular spirals. Adopting this view as the t^is of 
his investigation, he obtains a formula of the type — 

- a + b log r, 

where ft,nm » the motion perpendicular to the arms, r is 
the radius vector from the nucleus, and a and b are constants. 
^ shows that this formula is in accord with Van Maanen 's 
measurements. 
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Jeans then passes on to inquire what forces can produce 
the observed motions. A preliminary discussion shows t^t 
electro-magnetic forces and forces arising from gas pr^sure 
may be ruled out. Two formulae are obtained connecting F 
andf G, the radial and transverse components of force, and v 
the velocity along the spiral arm. Van Maanen's measures 
indicate that v varies as r“ where n 0*26 within the errors 
of observation, and we are led to the conclusion that F and G 
must vary as f*. Jeans shows that it is very improbable 
that F and G can arise from the ordinary gravitational field 
of nucleus plus arms, and he is led to conjecture that the new 
force must depend on the velocity of a particle on which it 
acts and must be proportional, in part at least, to v'/r. Further- 
more, the resultant new force must not be directed towards the 
nucleus, and indeed it appears that neither F nor G can be 
aero. 

Systematic Motions of Faint Stars. — W. M. Smart (jfidonthly 
Notices, vol. Ixxxiv, no. 1, pp. 3-14, Nov. 1923, and yol. Ixxxiv, 

3» PP* 123-33, Jan. 1924) gives the results for eight photo- 
graphic regions which have been the subject of study at the 
University Observatory, Cambridge. The discussion of the 
proper motions in these regions shows very clearly the 
phenomenon of star streaming among stars of magnitude 8 to 
12. The results are in good agreement with the results for 
bright stars, but there is some evidence that the proportion of 
stars belonging to Stream II is greater in the case of faint 
stars. 

The motions of faint stars have been previously studied 
by Van Maanen {Mount Wilson Contributions, no. 168I and also 
at the Union Observatory at Johannesburg, which gives some 
further results in Monthly Notices, vol. Ixijxiv, no. 3, pp. 190-92, 
Jan. 1924. These results are illustrated by an interesting 
diagram. 

Accounts of other recent researches are unavoidably held 
over. 

mnraOXOXOOT. By E. V. Nbwnhah, B.Sc., Meteorological Office, 

London. 

Tne Quarterly Journal of the Royal Meteorological Society for 
January 1924 contains twj papers which are of particular 
interest to those meteorologists who concern themselves with 
the dynamics of wind currents and with the causes underlying 
the phenomena of cyclones. The first, by Sir Napier Shaw, 
is entitled “ Resilience, Cross Currents, and Convection." 
Many of the ideas put forward in this paper have been out- 
lined already in the numerous books and pamphlets of that 
writer, but §ome are quite new. The tendency to stratification 
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in tjbe earth's atmosphere, that has been proved to exist by the 
researches into the physical state of the air up to about 30 
kilometres' height that have been made during the last twenty 
3rears, appears to be a world-wide phenomenon of fundamental 
importance in all considerations of atmospheric motion, as 
Shaw has often insisted. Under normal conditions the potential 
temperature of the air increases with height, in other words 
a sample of air will in general be found to have a higher tem- 
perature than the air near the ground if it be brought down 
to the level of the ground, and the greater the height from 
which the air is brought down the greater will be this excess 
in its temperature. Such a state of affairs causes “ resilience," 
for it follows that a sample of dry air which is raised to a 
higher level will in general find itself colder than its surround- 
ings and will tend as a result of its greater density to descend 
again, just as it will tend on account of its higher tempierature 
and consequently lower density to reascend after being brought 
down to a lower level. The stratification of the air up to a 
height of about 10 kilometres, i.e, in the troposphere, is on 
the average very marked. At higher levels even the fall of 
actual temperature ceases and in the “ stratosphere," from 
the " tropopause " (which generally occurs at about 10 km. 
in temperate latitudes) up to a height of 30 km, at least, the 
increase of potential temperature with height is rapid, and 
the resilience in consequence is very great. It follows from 
all this that vertical movement of dry air is not normally 
facilitated by the vertical distribution of temperature, and in 
those ca%es where mechanical forces are available for the pro- 
duction of such movements strong forces of restitution are 
brought into play. 

If the imaginary sample of air which we have been con- 
sidering is not dry, however, but nearly saturated, the state 
of af^irs as regards possible upward movements in the 
" troposphere " is different, for the ascent of such air will be 
accompanied by the condensation of water-vapour and a 
liberation of " latent heat." This heat may warm the 
sample sufficiently to enable it to maintain itself at a higher 
temperature than the surrounding air, and so long as this 
stote of affairs continues there will be no force of restitution. 
As higher levels are reached, however, the general fall of 
temperature of both sample and environment will, owing to 
the diminished capacity of air for holding water-vapour or 
low temperatures^ result in an apj^-oximation to dry conditions. 
The sample of air will seldom reach the " tropopause," and 
even should it do so, the very high potential temperatures of 
ihe stratosphere will completely arrest the motion. These 
considerations lead Shaw to say that " we come to look upon 
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the successive layers even of the troposphere as being in a s^NOse 
separate ‘ aerospheres/ and further to regard water-vapour 
as the real agency which enables the air of one layer topwie- 
trate the layers above it, temperature alone being insulGnc^t 
to cause any considerable elevation. . . . Layers of various 
cloud-forms covering a considerable portion of the sky, afford 
evidence of this kind of thermal stratification." The atmo- 
sphere must therefore be regarded as being made up of a 
series of " aerospheres " which are thermally and dynamically 
distinct, and in which any motion may be regarded as veiy 
nearly two-dimensional. For example, if a mass of air is 
removed from one layer and is not replaced by air of the same 
pressure, vortical motion will tend to be set up and the differ- 
ences of potential temperature can be balanced by a suitable 
adjustment of pressure and velocity such as is foimd in actual 
cyclonic depressions. 

Although the "aerospheres " are nearly independent, some 
turbulence and mixing as a result of the relative motion be- 
tween consecutive layers do occur. Shaw deals in this 
paper with the nature of this kind of motion. His treatment 
is in some respects novel, although based upon the researches 
into eddy-motion carried out during recent years by 
other investigators. It has been shown that " in the case 
of the turbulent motion at the surface the relation of the 
wind velocity to height follows approximately a logarithmic 
law, and when the disturbance of the steady velocity is the 
turbulence due to the ground, when also there is no change of 
gradient or of coefficient of eddy-viscosity with height, the 
logaritlunic relation can be formally represented by the addi- 
tion of a vector to the line representing the geostrophic wind 
such that the point of the acided vector moves on an equi- 
angular spiral of 45”, making equal steps of rotation for equal 
steps of descent from the undisturbed wind to the surface. 
In the limiting case, zero velocity is reached at the surface, 
when the angular deviation from the geostrophic wind is 45*, 
and the relation of the wind V at any level to the geostrop^ 
wind G can be computed from the position of the level with 
reference to the spiral." Shaw then shows how analogosd 
reasoning can be applied to the case of two wind currents m 
adja<%nt " aerospheres " that are equal in velocity and oppo- 
site in direction. Between such currents there must be a 
layer of " zero velocity," where the motion is entirely turbu- 
lent ; this layer corresponds with the ^und in the case 
already referred to, and the distribution of horizontal velocity 
in the zone separating the two undisturbed currents can 
sketched. (An examjple is given.) Since every change irf 
velocity with height is summed up as a transition from am 
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v«c^r to another by the gradual addition of a third, this is 
equivalent to the reversal of a component. Every example 
of eross-currents or of sudden change of wind velocity may 
th^fore be treated in the manner just described, for the 
results as regards turbulence are unaffected by the general 
drift caused by the unchanged component of the motion. 
Two interesting examples of actual reversals of wind close the 
discussion of eddy-motion ; in one case a wind of lo metres 

G r second, geostrophic at all levels, is reversed gradually 
tween the surface and a height of 8 km., and in the other 
case a wind of the same strength is reversed between the 
levels of 2 and 5 km., while the gradient wind is reversed 
between 3 and 4 km. This latter example serves to illustrate 
the method, which, as Shaw points out, is only approximate, 
and is put forward tentatively as a possible way of reducing 
the great variety of wind structures actually observed to some 
semblance of order. It should be noted that the effect of 
the turbulence due to the relative motion of consecutive 
aerospheres will be to change the lapse rate towards the con- 
dition of convective equilibrium, and often to lead to cloud 
formation. 

The third subject dealt with in this paper is convection. 
Shaw divides convection into two kinds : that which may be 
compared with the ascent of a bubble through a liquid, and 
is never brought about by the mere heating of a portion of 
the atmosphere unless that portion is nearly saturated, and 
another kind analogous to the convection of water in a tank 
which is of the form of a steady ascent caused by the accumula- 
tion of colder fluid underneath the ascending portion. Two 
theorems relative to the dynamics of the sea given by J. W. 
Sandstrdm in a recent work apply almost equally well to the 
atmosphere because the atmosphere is stratified in a way 
analogous to the stratification in the sea, and these theorems 
help the study of atmospheric convection. They are ; 

(1) In a fluid stratified like the water of the sea, external 
forces such as those of the wind or of the rotation of the earth 
cannot produce an exchange of particles between different 
Jnyers. The surface of contact between the strata is impene- 
trable for particles which move under the influence of such 
external forces. 

(3) " If in the sea there is in any locality a ph}rsical change 
iiich that the density is altered there, that volume of water 
will leave its own stratum and place itself in the stratum 
which corresponds with its new density.*’ 

Potential temperature in the air corresponds with density 
la sea water, and any portion of the atmosphere tends to find 
Mi own level accordmg to its potential temperature irrespec- 
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tive of external forces such as those due to wind, general 
gravity, or the earth's rotation. This is the first type of 
convection. The analogy between the local disturbances 
caused by the formation or melting of ice in the sea and the 
disturbances due to condensation or evaporation of water- 
vapour and water in the atmosphere should be noted. In 
the second type of convection the upward movement of the 
air takes place over a much larger area. Examples of such 
movements are furnished by the “ rain areas ” of cyclonic 
depressions. In accordance with the modern view that all 
rain is caused by dynamical cooling of moist air, the presence 
of areas of continuous heavy rain many hundreds of square 
miles in extent implies that the air often has an upward com- 
ponent of motion over a large area. As has already been 
pointed out, the stratification of the air does not favour such 
movements, and it appears as though this second type of con- 
vection is not thermal in character but dynamical, and is a 
forced movement carried out in spite of unfavourable thermal 
conditions. The case of eddy-motion shows very clearly that 
on a small scale cold air can be carried upwards and warm 
air downwards by the application of external force. On this 
view " a cyclone must be regarded as a dynamical system for 
which some dynamical explanation must be found." It is 
this problem which is occupying the attention of so many 
meteorologists at the present time, the Norwegian “ Polar 
Front Theory " being one of the most striking suggestions for 
its solution that have been put forward. At the same time, 
Shaw points out that the exact nature of the more local 
" thermal " type of convection is not fully understood, and 
presents an almost equally urgent problem for solution. 

The second of the two papers* under discussion is by 
Dr. H. Jeffreys, and is entitled " The Cause of Cyclones." For 
nearly a hundred years two theories purporting to explain the 
origin of both temperate and tropical cyclones have been in 
vogue. They may be referred to as the " local heating " and 
" millp>ond-eddy " theories. 

The first of these two theories is so generally understood 
that it is unnecessary to describe it in detail. As Jeffrey*' 
I^ shown in another paper {Q.J.R. Met. Soc., 48 , 1922, p. 29), 
this theory does satisfactorily explain the formation of a 

S eat depression over Asia every summer, the local heating 
ing more than sufficient to cause the observed variation m 
pressure. It has been objected that this explanation requires 
an ascending current in the centre which has not been observed 
and would cause torrential rainfall if it were to occur. When 
rt IS comidered, however, that such an ascending current would 
be distributed over the whole of the vast area that is 
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it 'a seen that it must necessarily be too small to easily 
observed ; moreover, once the area of low pressure is estab- 
lished no ascent of air is necessary apart from the asepding 
current required to remove the very small amount of air that 
creeps towards the centre in the lowest layers of the atmosphere 
as a result of friction with the ground. 

When, however, this theory is applied to the formation of 
moving cyclones, which nearly always originate over the sea, 
whether in temperate or in tropical regions, there arises the 
insuperable objection that nowhere does the sea become heated 
above its surroundings to an extent sufficient to account for 
the differences of pressure actually observed. 

Another theory quite different from the theory just de- 
scribed, yet also dependent upon local heating, was worked out 
a few years ago by Lord Rayleigh. It is based upon a con- 
sideration of the type of motion likely to result from the 
formation of innumerable eddies due to heating of the lower 
layers of a column of air which has an unstable lapse rate of 
temperature. While this type of motion doubtless exists in 
the atmosphere, the scale of the phenomenon is far too small 
for the theory to be applied to cyclonic depressions. It is, 
however, comparable with the size of thunderstorms and 
small secondary depressions. This theory has not been 
developed to the point of making quantitative estimates of 
the fall of pressure to be expected under different conditions. 

In the millp>ond-eddy theory, cyclones are regarded as 
analogous to the eddies formed when a mass of water moves 
rapidly through other water which is nearly stagnant. These 
eddies form along the surface of separation of the two supplies 
of water. Helmholtz investigated the possibility of such 
motion in the atmosphere, but his investigation appeared to 
show that vortices formed along a surface of discontinuity in 
the atmosphere would tend always to die out quickly for 
want of the means for maintaining a continuous state of in- 
stability. Closely allied to the millpond-eddy theory is the 
theory of Bjerknes that temperate cyclones are of the nature 
of wave-motion on the “polar front." This theory is not 
generally accepted, but a dbcussion of the reasons for this 
cannot be entered into here in detail. Jeffreys’ principal 
objection is that the calculations of Helmholtz lead to wave- 
lengths far too small for the production of cyclonic depressions. 

Helmholtz also investigated the phenomena to be expected 
when the two distinct supplies of air analogous to the moving 
and stagnant waters in the mill-pond mix, and showed that 
the mixed air must necessarily tend to rise, just as it would 
hf heated. Jeffreys considers that this may possibly be the 
ttvtt ciause of all cyclonic phenomena, but that a more searc hing 
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investigation is desirable before the theory can be pronouiM^ 
to be adequate. Some idea, for instance, of the rapidity 
with which mixing can proceed in a horizontal direction Is 
necessary, and also of course whether a reduction of pressure 
equal to that which occurs in cyclones can be brought about 
as a result of mixing. 
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BZOOmnOTXT. By R. Kbitb Cannan, M.Sc., University CoUeas. 
London. 

Carbohydrate Metabolism. — ^Diligent- search continues for the 
particul^ function in carbohydrate metabolism with which 
insulin is concerned. The problem is intriguing in the ex- 
treme. In the diabetic animal injection of insulin reduces the 
concentration of sugar in the blood and allows the replenish- 
ment of the glycogen stores. So far the picture is not difficult. 
Insulin stimulates the tissues to convert glucose into glycogen. 
But the question becomes obscured when -one turns to con” 
sider the effect upon the normal animal, or — ^what comes to the 
same thing—of excessive doses on the diabetic. In suCh 
cases, not only is the blood sugar reduced below the normal 
level, but the glycogen stores are mobilised in a vain attempt 
to restore this level and the experimenter is faced with a loss 
of carbohydrate, the fate of which has not yet been discovered. 
Whereas there is, as we have seen in a former review, some 
evidence that insulin stimulates the oxidation of glucose by 
the tissues (Hepburn and Latchford, Amer. Jmr. Physhi,, 19M, 
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metabolic and respiratory escperiments give little 
sttp^rt to the view that the sugar whi^ disappears can be 
acoHmted for by its oxidation (Dudley, Trevan and others, 
J<mr. Physiol., 15^3, 67 , xlvii). A considerable conversion 
of sugar into fat is an attractive possibility, but, again, the 
evidence up to the present is entirely negative fDudley and 
Marrian, Biochem. Jour., 1923, 17 , 435!. A thira hypothesis 
— ^that the lost sugar has been converted into some form which 
escapes detection by the prevailing methods of carbohydrate 
aiml3rsis — has excited ardent, if sometimes carel^s, search for 
a hidden store of carbohydrate. The observation of Winter 
and Smith that injection of insulin in the normal rabbit leads 
to a reduction of the concentration of the inorganic phosphates 
of the blood {Jour. Physiol., 1923, 67 , 447) has revived interest 
in the view that hexose phosphoric esters play an important 
part in carbohydrate metabolism, though it is to be remarked 
that such esters as have yet been isolated from yeast fermen- 
tations reduce alkaline copper solutions almost as readily as 
glucose itself ; so that it is improbable that insulin merely 
converts the sugar of the blood into such a form. Briggs, 
Koechig, Doisy, and Weber have confirmed the fall in blood 
inorganic phosphates under insulin and have found a con- 
current rise in the concentration of lactic acid {Biol. Chem., 1923, 
61 , 721). We are reminded that Meyerhof obtained some 
evidence that a hexose phosphoric ester is the ^cursor of 
lactic acid in the muscle. On the other hand, Dudley has 
communicated to a recent meeting of the Biochemical 
Society experiments in which were recorded an actual 
decrease in the lactic acid of the muscles of animals in insulin 
iQrpoglyctemia below the normal concentration. It is to be 
remembered that in the hypoglycxmic condition is exhibited 
a very abnormal respiratory condition associated with irregular 
musclb activity, either of which may lead to considerable 
fluctuations in the lactic acid concentration of the blood 


(Anrep and Cannan, Jour. Physiol., 1923, 68, 244). It would 
seem that a more suitable subject for study than the hypo- 
gly^mic animal would be an animal maintained for long 
periods under the influence of large doses of insulin with the 
s&nultaneous administration of glucose in amount suffident 
to maintain the normal level of blood sugar. Such an animal 
mk^t be expected to show to an exaggerated extent any 
redistribution of carbohydrate brought about by the presence 
excess of the pancreatic hormone. Before leaving the 
Mmject of lactic acid production we must record that Azuma 
imd Hartree (Biochem. Jour., 1923, 17 , 875) have found that 
Inaulin is witnout effect on the heat production of the con- 
ttacting isolated firog’s muscle. 
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Winter and Smith {Physiol. , 1923, t8, 100) recently revived 
the suggestion of Hewitt and Pryde {Biochem. Jour., ipaOj II, 
395) that certain tissues have a specific capacity to convert 
glucose and fructose into their reactive 7 isomerides. The 
work of Hewitt and Pryde has been carefully repeated by 
Stiven and Reid {Biochem. Jour., 1923, 17 , 556), and by Creveld 
{Biochem. Jour., 1923, 17) who have been quite unable to 
obtain any evidence that under the conditions of the experi- 
ments there is any such activation of sugar. This has been 
followed by Eadie {Brit. Med. Jour., 1923, July 14) and others 
who have failed to confirm the contention of Winter and 
Smith that there is in the liver an enzyme which after activa- 
tion by insulin converts glucose into the ethylene oxide (7 
glucose) isomer. 7 glucose is at the moment little in favour 
with physiologists. It seems difficult, on the other hand, to 
avoid the conviction that in some way the pancreatic hormone 
does influence the reaction of carbohydrate to the oxidative 
mechanisms of the cell and, in this connection, the observation 
of Ahlgren {Skand. Arch. f. Physiol., 1923, 44, 167) is of interest 
that the tissues of diabetic dogs show little power to reduce 
methylene blue in vacuo in the presence of glucose until insulin 
is added. Of information as to the part played by insulin 
in the hydrogen transport systems of the cell there is none. 

There has been up to the present little disposition to criti- 
cise the conclusion tnat insulin preparations really do exhibit 
the specific character of the pancreatic hormone in respect to 
carbohydrate metabolism. The evidence for this view rests 
largely^ on the fact that insulin does undoubtedly allay the 
recognised symptoms of pancreatic diabetes, and upon the 
preparation of active extracts from just those cells of the 
pancreas which have long been held to be the seat of manu- 
facture of the hormone. We may yet be given cause to revise 
this conclusion in so far as we hold that the properties of 
insulin are specific to the pancreas. It appears that a sub- 
stance having much in common with insulin has a wide distri- 
bution in nature. Collip {Jour. Biol. Chem., 1923, 57 , 67 , and 
68 , 163) has prepared from yeast, lettuce, onions, and other 
sources extracts which not only reduce the blood sugar of 
normal animals and cause the familiar hypoglycaemic convul- 
sions, but also are able to maintain alive for long periods cosof- 
pletely depancreatised dogs. Hutchinson, Smith, and Winter 
{Biochem. Jour., 1923, 17 , 583, 764) confirm this result with 
yeast and extend it to an extract of a coli-form bacillus. Ctf 
greater significance is the report of Best and Scott {Jour. Amor. 
Med. Assoc., 1923, 81 , 382) that they have prepared from the 
submaxillary gland, the thjrmus, thyroid, and the liver of dogs 
a preparation in srield equal to that from the pancreas whidh 
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gave typical insulin effects when injected into normal or 
depancreatised dogs. 

Improved methods of preparation of insulin are reported 
in a number of journals with preliminary attempts to investi- 
gate the chemical nature of the specific agent. The general 
conclusion at the moment, though there are dissentients, is 
that insulin is or is associated with material of a proteose 
nature. 

Fat Synthesis by Yeast. — valuable paper by Mrs. Smed- 
ley McLean has appeared on this question (Biochem Jour., 
1923, 17 , 720). It was found that yeast forms fat from alcohol, 
sodium acetate, sodium lactate, and sodium pyruvate, prob- 
ably with the intermediate production of sugar. Oxygena- 
tion of a suspension of yeast in glucose solution increased the 
fat content of the yeast 100 per cent, above that attained 
in the absence of oxygenation, whilst the addition of phos- 
phates still further increased the fat synthesis. The sugges- 
tion is advanced that storage of carbohydrate is in part effected 
as hexosephosphoric esters and that fat synthesis is facilitated 

the oxidation of the latter compounds involving a simul- 
taneous reduction to fatty acids. Since it was found that 
maltose promoted a more extensive storage of glycogen than 
did sucrose or the hexoses it was concluded that maltose was 
capable of polymerisation to glycogen without fission into 
glucose, a conclusion supported by Irvine’s view that this 
polysaccharide has a maltose unit {Jour. Chem. Coc., 1923, 
898). 

The Chemistry of the Proteins. — Following the appreciation 
of the significance of the nitroprusside reaction of tissues, 
which led to the isolation of glutathione, attention has been 
directed to the nature of the sulphur contained in proteins. 
There is evidence {Proc. Roy. Soc., 1923, 94 B, 436) of the 
][»vsence of an unidentified sulphur linkage and that, whereas 
m serum albumin 86 per cent, of the sulphur is in the form of 
cystine, in egg albumin only 14 per cent, is in that condition. 
The nitroprusside reaction is only given by proteins after 
denaturation, suggesting that this process involves the 
hydrolysis of, or a keto-enol change in, a thio-peptide linkage. 
Mueller {Jour. Biol. Chem., 1923, 65 , Proc. xv) confirms the 
existence of sulphur in proteins in a form which does not blacken 
lead or give the nitroprusside reaction. In a later paper 
{Jour. Biol. Chem., 1923, 66, 157) he claims to have isolated 
a new sulphur-containing amino-acid from several proteins 
haviiQg the composition CsHuOiNS. It is not yet excluded 
that we sulphur may have been introduced into the molecule 
<hirm]g the processes of isolation. 

Koaggs, Manning, and Schryvcr {Biochem. Jour., 1923, 
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17 , 473) report an interesting study of the purification of gelatin 
and from the same laboratory has been published a valuable 
addition to our methods for the isolation of the products of 
hydrolysis of protein, involving the separation of the barium 
carbamates of the amino-acids (Biochtm. Jour., U. 636). 
Studies of the dissociation constants of the amino-adds have 
enabled the elaboration of a titrimetric method for the 
determination of the NH, and COOH groups in a^no-adds 
and polypeptides, which should find useful application to 
studies of the enzymic hydrol3rsis of proteins (L. J. Harris, 
Proc. Roy. Soc., 1923, 96 B, 440). 

Zelinski and Sadikov (Biochem. Zeit., 1923, 88, 156) have 
brought forward evidence in support of the view that protdns 
are built up largely of diketopiperazine rings united by bng 
methylene chains, a suggestion independently made by Marston 
^iochem. Jour., 1923, 17 , 851) on quite different reasons. 
The former authors are criticised oy Brigl (Ber [B] 1 92 3 , 56 , 1 887), 
who considers that the diketopipersazines isolated were due to 
polymerisation subsei^uent to the hydrolysis of the protdn, 
since glycine under similar conditions yielded 40 per cent, of 
the condensed product. 

The Chemical Nature of the Vitamins, — ^Takahashi (J. Chem. 
Soe., Japan, 1923, 44 , 580) has isolated from cod-liver oU a 
semi-crystalline substance of which o‘o8 milligrammes per <ltey 
for ten days completely cured a mouse in extreme deficieney 
of vitamin A. The substance contained no nitrogen, was 
aldehydic, unstable to light and oxygen, gave the lipochrome 
reactions, and was soluble in the usual fat solvents. The didly 
press has recently reported the isolation of vitamin B by 
American worker, Dr. Eddy, but.no details have yet bfen 
vouchsafed to the scientific world. The chemistry of the ai^- 
scorbutic factor has progressed under the investigations of 
S. S. 2 ^ 1 va (Biochem. Jour., 1924, 18 , 1 82) and we may be hopeful 
of further light on this member of the vitamins. It may be 
noted with approbation that there is an increasing tender^ 
to regard the accessory food factors rather as necessary nufri- 
tional elements, whose requirement is probably small just^SM 
the requirement of the animal for iodine is smaU but bh- 
perative, than as specific agents of a catalytic or stimulative 
function. 

BBXM TOAA OMSinWWfcX* By W. E. Gakiixx, 14<Sc., UnivniSitv 

College, London. 

The Law of Mass Action. — ^Deviations from the law of wMiy 
action in chemical processes were formerly ascri^d to tbe com* 
plexity of the chemical reactions, it being nearly always pm* 
Bible to discover a mechanism which fitted the eiqpeimeplal 
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results. During the last decade, with the introduction of 
the conception of activity, a change of view has taken place 
which has led to numerous attempts to rei>lace the concentra- 
tions in the equations of the law of mass action by the activities 
of the reacting substances. At first, the abstract nature of 
the thermodjmamic conception militated against its rapid 
acceptance, but now it is replacing the concentration hypothesis 
in many expressions for systems in equilibrium. It is, however, 
being applied somewhat indiscriminately to all of the apparent 
deviations from the older mass action law, and there is con- 
siderable danger that a true knowledge of the mechanism 
underlying chemical reaction may be lost sight of, if the new 
weapon be allowed to completely replace the old. As Bjerrum 
has pointed out (Z. Phys. Chem., 1924, 108, 82), the conception 
of activity should be used only with the utmost caution if the 
system is far removed from the equilibrium state. Also, the 
concentration hypothesis when logically used is as free from 
thermodynamic objection as is the conception of activity. 

The catalysis of the inversion of sucrose by hydrogen ions 
has been very closely examined recently by numerous workers. 
It is found that the velocity constant of this unimolecular 
reaction increases with increase in sucrose concentration and 
an explanation of this is being sought in terms of the changes 
in. the activity of the hydrogen ion which are found to occur. 
The assumption that the rate of reaction is proportional to 
the activity (Lewis and Jones, /. Chem. Soc., 1920, 117, iiao ; 
Lewis and; Moran, ibid., 1922, 181, 1 61 3) is opon to criticism. The 
activity of the hydrogen ions in a sucrose solution undergoing 
inversion may readily be determined by means of the hydrogen 
electrode, and the assumption is made by (Lewis, loc. dt., and 
Saratchard, J.A.C.S., 1921, 48, 2398) that the activity of a 
hydrogen ion in catalysis is the same as that measured by the 
hydrogen electrode. On this assumption, complex equations 
ai|e derived for the chemical mechanism of the inversion. 
Lewis and Moran (he. cit.) have shown that the velocity constant 
on the concentration hypothesis does not increase so rapidly 
with increase in sucrose concentration as the activity of the 
hydrogen ion, and there is no reason why this should be the 
caiie even if, as is usually assumed, the reaction be of the first 
order.^ The effect of changes in the degree of hydration of H" 
with increasing^ sucrose concentration has been overlooked. 
Any change in its degree of hydration will modify its activity 
as a catalyst. The water envelopie may be regarded as a 
pnbtective covering, hindering the catal3rtic action and dc- 
O^asing the fraction of collisions which are fruitful of chemical 
<mnge. The relationship between the degree of hydration 
ahd the catalytic activity of the ion is undoubtedly very 
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complex, and, at present, is beyond our meaiM of calculatton ; 
but there is no a priori reason why its activity as a catidsrst 
should run pari passu with that of its activity in the thenno> 
dynamic sense. 

Brtinsted, in a new theory of reaction velocity which deals 
principally with the neutral salt effect (Z. Phys. Chem., 1923, 
108 , 169), very largely confines his attention to solutions so 
dilute tnat changes in hydration are almost negligible afid, 
under these conditions, the employment of activities instead 
of concentrations is not open to the same objections. In ionic 
solutions, the concentration is not of great service, especially 
if the theory of complete dissociation be correct. The activities 
of the ions, on the other hand, are very largely determined by 
the electrical forces between tnem and are a rough measure of 
the effective concentrations. 

an example of his theory, taking the reaction (i) 
Fe + y" —i. Fe ■*"*■ + y, he assumes that the velocity is 
determined by the production of a molecular complex (Fe y) 
according to the reaction (2), Fe+++ + y ~ _;k. (Fe y)*'*', with a 
velocity A- * Cf.+++C,- . . .fifzlft where fi, /,, and /, are 
activity coefficients of the uni, bi, and trivalent ions respectively. 
Thus the velocity constant obtained from concentrations must 
be multiplied by a factor containing the ratios of the activities. 
TTie general equation is A ^ Cj, c^i . . . F, where F is an 
activity factor dependent on the nature of the ions, and on the 
total equivalent concentrations. These equations have been 
derived more accurately by Bjerrum, by treating (2) as an 
equilibrium process, to which activities may be applied. It is 
possible to divide ionic reactions into types according to the 
nature of F. For reactions between ions and neutral molecules, 
e.g. sugar inversion, F- i, and is practically independent of 
the concentration, providing that the total ionic concentraticm, 
reacting ion and neutral salt, is low. In these cases, the 
concentration hypothesis holds with considerable accuracy. 
Reactions between ions, on the other hand, are abnormal, m 
some cases the velocity increasing with rise in concentration of 
neutral salt, and in others decreasing. In reactions between 
ions of the same signs, the salt effect is positive and the velocity 
is accelerated. On the other hand, the addition of salts redubes 
the velocity where the reaction is between ions of opposite 
sign. These considerations have great value in interpreong 
the vagaries of the neutral salt effect ; but, as Bjerrum poiilte 
out, there is no necessity to depart from the conoentrat^DWtt 
hypothesis to derive Brdnsted's equations. 

Activity Coefficients of Strong Electrolytes . — During the pmit 
year the theory of compute dissociation of strong electrolytes 
has been extended both from theoretical and practical points 
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of niiew. TTiis theory which seeks to explain the deviations 
froi^ the simple gas laws solely in terms of the electrical forces 
between the ions has been elaborated by Milner and Ghosh 
(^ENCE Progress, 1922, 88 , 195) and, more recently, by 
Debye and Hiickel, and has received considerable experimental 
support from G. N. Lewis and Bronsted. J. N. Brdnsted and 
V. K. la Mer { J . A . C . S ., 1924, 48, 555), in supporting this theory, 
indine to the opinion that there are three distinct regions of 
dilution for dilute solutions of electrolytes: (i) extreme dilu- 
tions where the gas laws are applicable within the limits of 
experimental error, (2) intermediate dilutions at which the 
deviations from the gas laws depend only on the valence type, 
and (3) a region of higher concentration where the deviations 
are occasioned, in part, by the size and chemical nature of 
the ions. Bronsted, who has interested himself in the inter- 
mediate region, has found that the activity coefficient is given 
by the following empirical equation : log,/— 3 aV^, where / «■ 
activity coefficient, o“0-32, and c •= concentration. This 
formula shows that even at 10"* M the deviation from the 
simple gas laws is o*i per cent. It is unlikely that such a 
simple equation would hold if the changes in the activity coeffi- 
cient were in part caused by a displacement of an electrolytic 
equilibrium. 

Influence of the Valency of the Ion. — Pl. A. Noyes and hb 
collaborators showed that a rough proportionality could be 
obtained between a, the degree of ionisation and the valency 
product of the ions. Bjerrum (Z. Electrochem., 1918, 24, 321I 
suggested that the activity coefficient was directly proportional 
to the square of the valence, and Bronsted has confirmed thb 
by measurements of the solubility of slightly soluble electrolytes 
in solutions of electrolytes of different valence types. Adopting 
G. N. Lewb’s convention of ionic strength, /t - 1 + c,*, . . .) 

where Cj, c, . .' . are equivalent concentrations of ions with 
valencies *1, a, . . . respectively, Bronsted shows that — log, 

^ a Xj 0, for a salt composed of two ions. This equation 
b m agreement with that deduced by Debye and Httckel 
(fihysihal. Z., 1923, 84, 185; Science Progress, 1924, 71, 
471) for the activity coefficient of a salt composed of two ions, 
log, / — 0'«/2D^T («! 0,) - — 1*14 01 0, Vfi, where e is the 
clarge on a univalent ion, k the Boltzmann constant, D the 
dielectric constant, T the temperature, and « a characteristic 
distance. The Debye and HUckel equation gives «-o*38, 
which b quite close to the experimental value, a - 0*32. 

For higher concentrations, the size of the ion, and their degree 
of hydration become important, for the ions can no longer be 
legardedas point chaiges. For these cases- log,/- 30 ■\/c+ i/80, 
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vrhore fi is a factor dependent on the diameter of the <^>ns. 
Tliis equation also agrees with that furnished by the 
and Httckel theory. The establishment of the general valllity 
of the above formula would be a strong indication of ’the 
correctness of the assumption of the complete dissociation of 
strong electrolytes. 

Isotopes . — From the Bohr theory it was predicted tiliBt 
the line spectra of the elements should show evidence of the 
presence of isotopes. The expected shifts in the wave-lengths 
due to the different masses of the nuclei were, however, almost 
too small to measure. The smallness of the isotope shift is 
due to the fact that one of the particles concerned in the vibra- 
tion is the electron itself, whose mass is minute compared with 
that of the nucleus. Shifts of a much larger magnitude are 
to be expected if the vibration causing the light is due to two 
atoms or nuclei in combination. Imes {Astrophys. J., 1919, 
80, 35 1) observed that the infra-red spectra of hydrochloric 
acid were accompanied by faint satellites. These satellites 
Loomis {Nature, 1920, 1 79) attributed to the isotopes of chlorine. 
The shift calculated on this assumption agreed with the observed 
value. 

More recently, Mulliken (Science, 1923, 68, 164 ; Nature, 
1934, 118, 423, and 489) and Nagoaka, Sugiura, and Mishima 
{Nature, 1924, 118, 459, and 532} have found that a large number 
of non-series lines of many elements may be attributed to 
vibrations of the atoms in pairs. Thus neon can vibrate in 
the pairs (20, 20) (22, 22) and (20, 22). The difference in wave- 
length of the spectra due to the two sy mmetric al pairs of 
botopes maybe represented by 6 X ■» (1 - •y/mjfn^)\t. Simihur 
formulae may be derived for the differences between symmetrical 
and unsymmetrical pairs. Neon, chlorine, argon, copper, zinc, 
lithium, copper, bromine, and rubidium all give spectral lines 
due to the existence of such pairs. Abo, pairs hire BO, SiN, 
and CuH give band spectra with satellites in the positions pre- 
dicted from the mass of the botopes. In all cases agreement 
b found with the results of the positive ray method. Nagoaka, 
and Sugiura conclude that calcium contains a trace of isotope 
44, sodium of 21, and that the isotopes of terium are 135, isgr, 
I 38 >andi 39 . 

For elements with atomic numbers 22 to 28 the spect|ad 
lines are so numerous that it b possible to conceive of the 
exbtence of many isotopes in these elements. Aston, on ^ 
other hand, finds that they are simple with exception of 38. 
It b sug^ted that these lines are due to nuclear agitations, 
and may be of enormous importance in elucidating the stnictuie 
of the nucleus. 

Colloidal Electrolytes . — In order to reconcile the conductivity, 
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mofiftic pressure, and viscosity data of solutions of soap, fro- 
tei]|^ and dye solutions the assumption was made by McBain 
ths^ an ionic micelle is present in concentrated solutions with 
a xitobility higher than that of the ions aggregated to form it. 
This view has been established by McBain and Downey (Tram., 
ipas, 188, 2417) by migration measurements with potassium 
oleate and laurate. In dilute solution, where the soap is 
crystalloidal, the ordinary migration number is observed, and, 
in all other cases, where the soap is a colloidal electrol3rte, the 
migration of the fatty acid radicle is several times greater than 
that of the simple ion. The results show that the neutral 
colloid is not contained in the ionic micelle. Colloidal electro- 
lytes abo occur in the extracts from some seaweeds. Harwood 
(Tram. 1923, 188, 2254) has shown that the calcium salt 
extracted from carrageen is a colloidal electrolyte which is 
ionised to the same degree as the salt of any bivalent acid. The 
colloidal ion of carrageen extract possesses a mobility very 
similar to that of the sulphate ion. 


Q90&0OT. By G. W. Tyrrbll. F.G.S., A.R.C.Sc., Pb.D.. Univmity. 

Glasgow. 

Orogeny, Diastropkism, and Geosynclines. — ^The first chapter of 
F. Heritsch's Die Grundlagen der Alpinen Tektonih (Berlin, 
1923, pp. 259) deab with geosynclines, orogeny, epeirogeny, 
and foredeeps. Heritsch regards geosjmclines as long, narrow, 
labile strips of the earth's crust, which do not sink because they 
^ loaded with sediment, but which are filled with sediment 
because they tend to sink and form hollows. Heritsch makes 
gxeat play with subaqueous slips and landslides of great masses 
^ sediment on the mobile slopes of the geosynclinal hollows, 
which produce peculiar brecciation and distortion in otherwise 
undbturbed strata. These phenomena are often taken as 
smns of folding and thrusting. They are abundant in the 
Alps, and thb is one of the reasons why Heritsch tends to be 
vtry sceptical regarding the more extreme developments of 
deeben theory as applied to the Alps. He abo accounts 
fiir the great thicknesses of clay in geosynclinab by subaqueous 
fibw of sediment. 

Orogeny and epeirogeny work in opposing senses. The 
ftttt produces new mountains which are joined to the con- 
tments ; and epeirogenic movements break them down again. 
Heritsch criticbes Suess’s view of foredeeps. According to 
him foredeeps are geosynclines of the second order, which set 
lb with the folding, and expire with it. After interesting 
s^pters on folding and mylonbation, Heritsch passes on to 
main topic of Alpine structures. He argues strongly 
bgaiast the decken theoi^ in what he calb its present extrava- 
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gant form ; but the Verschluckunpheorie, which he puts iu its 
place, following Ampferer and Schwinner, seems to pe nd less 
far-fetched. The insucking or swallowing-up theory is founded 
upon isostatic considerations in the first instance ; but for 
sub-crustal mass translation it adopts a meteorological analogy 
of cyclonic and anticyclonic movements. A centrifugal stream- 
ing of material in orogenic zones creates a diminution of mass 
beneath the passive tectonosphere which results in the latter 
becoming too large for its foundations. Thus Heritsch would 
explain the origin of the fold and imbricate structures of 
mountain regions. It would take too long to follow out even 
a few of the implications of this theory ; but, to the writer, 
the possibility of any mass movements in sub-crustal regions 
at all analogous to cyclonic or anticyclonic whirls, seems very 
remote. 

L. A. Cotton has written a long and elaborate paper on 
some fundamental problems of diastrophism and their geo- 
logical corollaries, with special reference to the theory of polar 
wandering (Amer. Jour. Sci. (6), 6, 1923, pp. 453~So3). G. H. 
Darwin’s mathematical analysis set limits to polar wanderings 
which were based on the assumptions that only surface rock 
masses were involved in displacements, and that the earth 
as a whole behaved as a perfectly rigid body. He concluded, 
however, that quite extensive polar wandering was possible 
if the earth were considered capable of yielding like a viscous 
solid for stresses of secular duration. The whole question 
thus depends on the primary assumptions that are made as 
to the nature and constitution of the interior of the earth. 
Cotton’s inquiry shows that mathematical theory, and geodetic, 
seismological, and geological evidence, all support the con- 
clusion that the earth as a whole behaves like a highly viscous 
solid, and hence that polar wandering is not only possible but 
ptrobable. The theory of polar wandering may then take its 
rightful place in helping to explain many obscure geologic^ 
and palseoclimato logical problems — explanations previously 
barred by the mathematical opposition to the theory. 

According to Sender (“ Die i&dgeschichtlichen Diastro- 
pWsmen im Lichte der Kontraktionslehre,” Ggol. Rundsckem, 
xiii, 192a, 217-72) the complete cycle of geological history 
accomplished in an era includes a well-nigh universal orogenic 
period followed by a long continental stage, and a period of 
increasing oceanic transgression, after which the cycle recurs 
with renewed orogeny. This is believed to result directly 
as a consequence of continuous earth contraction. The usuid 
assumption that the earth's crust is a completely rigid body 
in which shrinkage can only take place by inbreak or foldidii . 
is incorrect, as the crust must be elastic. A review of expeti"* 



GEOLOGY 33 

mMNxHiI detenninations of the elastic moduli of rocks shows 
that, the greater part of the shrinkage due to contraction can 
be ai»t by elastic shortening of the crust. The freed con- 
traction energy is stored as a waxing crustal stress proportional 
to the shortening. Finally it passes the elastic limit and 
folding ensues in the weaker parts of the crust. By this 
medbanism the continuous process of contraction may develop 
a periodic folding. 

The inhomogeneity of the crust involves variations in the 
moduli of elasticity, whereby stress-differences originate in 
the shell of compression. With great stresses aniostatic 
crustal deformation occurs, which is comparable to a slight 
wave motion of great wave-length. The lower parts of the 
continents thereby sink below sea-level, and transgressions are 
caused which are the more marked the greater the tangential 
stress. Folding reduces the crustal stress, and, if sufficiently 
extensive, will bring the deformation and transgression to an 
end. Thus the interplay of waxing crustal stress and folding 
results in the above postulated course of the geological cycle. 

In the second part of his paper Bonder discusses geological 
history and attempts to apply his views thereto. He assumes 
the essential permanence of the continents and ocean basins. 
The geological record from the Cambrian to the present is 
divided into three major cycles, each of which is subdivided 
into a continental stage, a submergence stage, an alternation 
i^Wtchsel) stage, and an emergence stage. The first of these 
is a period of diastrophic quietude, represented in the three 
major cycles respectively by the Eo-Cambrian (Torridonian, 
Sparagmite, etc.), the Lower Old Red Sandstone, the Triassic, 
and the Present, which is regarded as the continental stage 
of a fourth cycle. The submergence stage is the period of 
gaesynclinal deposition, and is represented by the Cambnan, 
Devonian, and Jtlrassic periods respectively in the three cycles. 
The alternation stage is the period of maximum transgression 
of shallow seas upon the continental pedestals, and is repre- 
aented by Ordovician and Early Silurian, the Lower Carboni- 
lei^us, and the Cretaceous in the three major cycles. Finally, 
the emergence stage is that of maximum orogeny, represented 
in the successive cycles by the Late Silurian, the Upper Car- 
boniferous and Permian, and the Cainozoic. In this scheme 
tin Cainozoic is therefore regarded as merely the concluding 
•tage of the Mesozoic Era, and the Present is the opening 
ttage of a new cycle. The climax of igneous activity coincides 
with the climax of orogeny. The great glaciations and desert 
formations occur immediately after orogenic paroxysms, ».s. 

the btfinning of the continental stages. 

F, P. Shepard questions the theory of world-wide periodicity 
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of orogenic movements {Jour. Geol., 81, 1923, 599^*3) <*1* 
ground that geological history shows a record of almos^ con- 
tinuous diastrophism from the Ordovician to the Plwent. 
Further, the apparent concentration of diastrophism at sj^cial 
epochs may be due to the loss of record by erosion, to Uttrnc- 
corded sub-oceanic orogeny, and the possibility of the shoit- 
ening of the crust by minor flexures, which are important in 
their totality, but leave no record of their time. Shefiard 
thinks that the earth’s crust cannot accumulate large stresses, 
and is able to support only a fraction of its own weight. Hence 
it would be more or less continuously folded in order to adjust 
itself to a shrinking interior. 

In a second paper on the bearing of normal faults on the 
hypothesis of a shrinking earth {Amer. Jour. Set., vii, I934> 
146-54) Shepard asks why elongation or tension faults, which 
imply an expanding interior, are spoken of as " normal ” 
faults, whilst compression faults, which should accompany a 
shrinking interior, are regarded as " reverse " faults. He 
further questions the alleged relative abundance of normal 
faults as opposed to reverse faults. Vulcanicity is suggested 
as a possible cause of normal faulting, without necessitating 
the cessation of compression arising from earth shrinkage. 
Increase of folding with depth may also cause normal faulting 
towards the surface in regions where vulcanism cannot be the 
originating cause. 

VUlITF FKTSIOLOOT. By R. C. Knight, D.Sc., Imperial Colley of 
Science and Technology and East Mailing Research Station (Pfaint 
Physiology Committee). 

The Carbohydrate! Nitrogen Ratio . — ^The gap which exists be- 
tween plant physiology and horticultural practice has not 
yet been bridged at more than a few points. The reason may 
be that the gap is rather wide and the bridging material scanfpr, 
or it may be that in so young a science as physiology f£e 
worker prefers to turn his attention to academic rather t^n 
to applied problems. Whatever may be the merits of 
case, it is undisputed that horticultural practice is almost 
entirely empirical, and such operations as pruning and manur- 
ing are carried out by rule-of-thumb methods which are larn^ 
dictated by tradition. The inevitable result of applying rigid 
methods to a variety of subjects under a variety of condttions 
has been divergence of results, and a consequent conflict of 
opinion, which serves to emphasise the necessity for the app^- 
cation of critical methods of research to the problems invohm^i 
The necessity for physiological analysis of results hart^ 
requires emphasis, but it is only in recent years that efforts 
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have ^en made to arrive at physiological interpretations of 
the faists involved in horticultural practice. 

Tllte development of the theory of the carbohydrate/nitrogen , 
ratio at present the outstanding example of the attempt to 
investigate the problems of horticulture from the physiological 
viewpoint. There is general recognition that heavy nitrogen 
manuring may induce strong vegetative growth, that certain 
t3rpes of pruning practice generally result in certain modifica-^ 
tions of the form of growth of a tree, but no comprehensive 
attempt at analysis of these phenomena had been made until 
American physiologists turned their attention to the carbo- 
hydrate and nitrogen nutrition of horticultural plants. For 
some years Americans have. carried out systematic studies of 
the chemistry of plants with the object of investigating the 
correlation which must exist between the internal chemical 
condition and the phenomena of growth. 

The work of Kraus and Kraybill (“ Vegetation and Repro- 
duction, with Special Reference to the Tomato,” Oregon Agric. 
CoU. Exp. Sta. Bull., 140 , 1918) constitutes the first co-ordinated 
work on this subject, and this bulletin may be said to have 
beeh the starting-point of a series of researches on the relation 
of carbohydrates and nitrogen to growth and reproduction. 

Previous to 1918 a good deal of work had, of course, been 
carried out on carbohydrates and nitrogen in crop plants, but 
I^us and Kraybill were the first to attempt any co-ordina- 
tion of the known facts of growth with the results of their 
carbohydrate and nitrogen investigations. Thus their enuncia- 
tion of the theory of the importance of the carbohydrate/ 
nitrogen ratio may be regarded as a fresh starting-point for 
physiological research in horticulture, more particularly in 
America. At the present time many horticulturists are 
planning and conducting field experiments with this theory 
as a basis, and the physiologists who are dealing with horti- 
cultural problems are also investigating the theory from many 
points of view. 

The main point of the theory of Kraus and Kraybill is 
that the relation between the amount of vegetative growth 
and the amoimt of reproductive growth made by a plant, is 
deteftnined by the relative amounts of carbohydrates and 
idtmgenous substances which are available within it. A plant 
wh^h is liberally supplied with nitrogen produces much vege- 
tate growth but little fruit. A plant with a deficient nitrogen 
sU]^ly produces little vegetative growth and little fruit. In 
tlm intermediate position with a moderate supply of nitrogen, 
plant produces an intermediate quantity of vegetative 
ana the maximum quantity of fruit. ” Fruitfulness 
ia assodated neither with highest nitrates nor highest carbo- 



36 SCIENCE PROGRESS 

hydrates, but with a condition of balance between ^^hen/’ 
Thus with the magnitude of the carbohydrate/nitrogeiji ratio 
is associated a definite type of growth. A low ratio remits in 
vegetative growth, and a very high ratio reduces vegitatiw 
growth, without inducing fruitfulness. It is when the ratio 
has an intermediate value that a vigorous and fruitful plant 
is obtained. There are many corollaries to this theory, which 
Kraus and Kray bill were able to prove. For example, a 
vigorously vegetative, unfruitful plant can be made to fruit 
by a decrease in the nitrogen supply, with the consequent 
increase in the carbohydrate/nitrogen ratio. Again, if nitrogen 
is supplied to a plant which has been deficient in nitrogen, the 
result depends upon the quantity of available carbohydrate. 
If the latter is low, considerable vegetative growth and little 
fruit production follows nitrogen addition, whilst if the carbo- 
hydrate is high, an increase in nitrogen tends to induce fruit 
production. Such considerations may explain the various 
effects which, under different conditions, may follow the 
application of nitrogenous manures. 

It was immediately recognised that the implicatiems of 
this work were of great importance to horticulture, and par- 
ticularly perhaps to the culture of perennial plants. Some 
of the most important cultural practices are of a nature which 
must influence the carbohydrate/nitrogen ratio. For example, 
nitrogen manuring, whether effected by direct application, or 
by cultivation of leguminous crops, naturally influences the 
quantity of nitrogen available for the plant. Pruning, ^;ain, 
must affect the carbohydrates as well as nitrogen ; wmter 
pruning by removing stored materials, and summer pruning 
by restricting assimilatory activity in addition. Kraus and 
Kraybill were careful to point out that they did not consider 
that the carbohydrate/nitrogen ratio alone was of impormnee 
in determining the type of growth produced. Other environ- 
mental conditions and hereditary factors cannot be negleip^, 
but in view of the fact that even pollination and fertilisfdikm 
may not result in fruit production unless nutrition conditions 
warrant it, the value of the theory as a working basis cannot 
be questioned. Thus it is that physiologists and horj^ul- 
tmists have extended and amplified the observations of l^us 
and Kraybill with respect to other plants and other condimUs. 

The work of Woo (“ Chemical ^nstituents of Amafa$ 0 hks 
retroflexus,** aol. Gas., 1919, 68^ 313-45), following immediitely 
upon Kraus and Kraybill 's work, provided an excellent indica- 
tion of the limitations of the theory of the carbohydrate/nifrogwat’ 
ratio. Woo found that Amaranthus is a plant wnich nts 
an apparently exceptional capacity for the absorption uud 
retention of nitrates. Large quantities of nitrates may be 
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inwseM and the plant may still not be " forced out of 
repro^ction,” although the ratio is low. It is suggested 
that ihis nitrate-absorbing capacity may account for the 
“ sucotss ” of the plant as a weed, and for its bad effects upon 
cultivated crops. From this work it appears that a different 
range of carbohydrate/nitrogen ratio is required to pro- 
duce the same range of effects in different plants. This is 
a reasonable conclusion, and later work has demonstrated its 
soundness. Gurjar (“Carbon/Nitrogen Ratio in Relation to 
Plant Metabolism,” Science, 1920, 61 . 351-2), working with 
tomato, found that the ratio, which is normally influenced 
chiefly by the nitrogen supply, may vary between 2 and 19, 
but fruiting occurs only when the ratio is between 4 and 6. 
It may be mentioned here that Harvey and Murneek, in an 
investigation of the apple, recorded values between 22 and 40 
for the ratio in fruiting spurs. (Murneek, in his Table X, 


designates his ratio as “ 
obviously should read ” c/n 


c In total nitrogen ” 

' total carbohydrates 
total carbohydrates 
total nitrogen ' 


but this 
This worli 


is discussed later. Thus the range of the ratio varies in differeni 
plants, and probably for different parts of a plant, as Woe 
concluded it must. Gurjar found that there was also a corre- 
lation between the ratio and the rate at which photosynthesis 
and respiration are carried on, but this aspect of the problenr 
must be exceedingly complex, and extreme difficulty is likel} 
to be encountered in distinguishing between cause and effect. 

The application of Kraus and Kraybill’s methods to apples 
soon followed. A certain amount of work had already beer 
carried out on the chemistry of apple-trees (see Butler, Smith 
and iCurry : “ Physiology of the Apple : Distribution of Fooc 
Materials in the .Tree at Different Periods of Vegetation,’ 
ATni Hampsh, Coll. Agric. Exp. Sta. Bull., 18 . 1917), but this 
ha^^ been chiefly of a general nature, rather than with par- 
tietdar reference to carbohydrates or nitrogen. The problen; 
in the apple-tree is obviously of a character quite different 
front that in a herbaceous plant of the type of the tomato. 
In the latter, the fruiting function passes progressively from 
the. base to the apex, and different parts of the same plant 
are in different stages at the same time. With the apple, 
eveity spur bearing fruit is in approximately the same stage 
At the same time. Thus it would appear that, by taldi^ 
saJPQ9»les consisting only of fruit spurs, a more reliable indica- 
tion of the relation of chemical composition to fruiting should 
he obtained than if the sample included many other parts 
of the plant, as in the previous investigations. On the other 
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hand, it is not certain to what extent the spur may;^ be re- 
garded as a unit. Considerable emphasis has been laid son the 
“ individuality ” of the spur, but later work has showto that 
the spur may draw on reserves in other portions of the tree. 
The use of the spur as a unit is very convenient, however, 
and renders it possible to carry out many analyses, usinlp only 
a few trees. The uniformity of results is naturally greater 
under these circumstances than if many different sources of 
material must be employed. The habit of biennial bearing in 
apples has made it possible to distinguish between two phases 
of fruit -production. The fruiting spur of a tree may be re- 
g^arded as producing fruit-buds in one year and developing 
flowers and fruit in the next year. Thus the cycle of changes 
extends over two seasons. Hooker (“ Season,al Changes in 
the Chemical Composition of Apple Spurs,” Univ. of Missouri 
Agric. Exp. Sta. Bull., 40* 1920) carried out serial analyses of 
apple spurs over a two years' cycle, and correlated the carbo- 
hydrate-nitrogen relations with the type of growth taking 
place. He found that at the beginning of the non-blooming 
year, the nitrogen is low and carbohydrate relatively high. 
When growth logins, there is a reduction in the quantity of 
both substances, which proceeds until the cessation of growth 
and the formation of terminal buds. From this stage, the 
photos3mthetic activity of the now mature leaves results in 
an accumulation of carbohydrates in the spur, but the nitrogen 
content still remains low. During this period, fruit-buds are 
differentiated. Accumulation of both carbohydrates and 
nitrogen in the spur continues until the end of the season, at 
which period both of these materials are at their highest con- 
centrations. In the following spring,, the process of flowering 
is accompanied by a rapid depletion of the spur of carbo- 
hydrates. but nitrogenous materials are not removed until 
the development of fruit and seeds takes place. At this stage 
the spur is at its lowest efficiency as a storage organ, with the 
result that little vegetative growth takes place, and few fruit- 
buds are formed. 

These analyses show that in the non-ftniting year the 
carbohydrate/nitrogen ratio is at first low, and much 
vegetative growth results. There follows, in the sunuuer, 
an increase in the ratio and the formation of fruit-buds. In 
the following year, the production of flowers reduces the ratio 
to a low value by the time fruit is setting, and during the 
summer the low value is maintained until nitrogen is used in 
seed production. This work confirms the earlier results Ih 
showing that a decrease in the ratio is follo'syed by the pro- 
duction of vegetative growth, whilst the fornhition of niiit 
primordia accompanies a high ratio. In addition, a few 
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ratio is found to be characteristic of the fruit-setting period. 
Hooktr supplemented this work by field trials of the effect of 
nitroglienous manures on fruit production ^ Certain Responses of 
AppleTrees to Nitrogen Applications of Different Kinds and at 
Different Masons,” Univ. of Missouri Agric. Exp. Sta. Bull., 
60 , ig^2). He was able to show that addition of nitrogen 
to the soil in spring increased the nitrogen content of the spurs 
at the period of fruit-setting, and there was a consequent 
increase in the set of fruit. Hooker points out, however, that 
this work indicates the importance of considering the condi- 
tion of the tree in determining the nature and time of applica- 
tion of nitrogen. For example, application of nitrogen to a 
tree in which the ratio is already too low will obviously not 
tend to increase the production of fruit-buds. Harvey and 
Murneek (“ The Relation of Carbohydrates and Nitrogen to 
the ^haviour of Apple Spurs,” Oregon Agric. Coll. Exp. Sid. 
Bull., 176 , 1921) also worked with samples of apple spurs, 
and altered the carbohydrate /nitrogen ratio by defoliation. 
Spurs were defoliated in mid-June, just before the period in 
which fruit-buds are differentiated, and this was followed by a 
reduction of 48 per cent, in the number of fruit-buds produced. 
&imples of spurs were anal5reed at intervals after defoliation, 
and it was found that whilst little change took place in the 
carbohydrates, nitrogen was more abundant in defoliated 
than in normal spurs. Thus the ratio, which normally increased 
by over 50 per cent, in six weeks, increased by less than 20 
per cent, in defoliated spurs during this period. In defoliated 
spurs^ the ratio at the last analysis was 18 per cent, below 
that m normal spurs. Harvey comments upon the difference 
between this 18 per cent, decrease in ratio and the 48 per cent, 
decrease in fruit-bud formation, apparently expecting that if 
the retio were of paramount importance in determining fruit- 
bud .idevelopment, the decrease observed would have been 
niim^cally identical in the two cases. It appears, however, 
thatino numerical parity could possibly be expected between 
such!i an arbitrary ratio and an almost equally arbitrary 
meawre of fruitfulness. 

Harvey and Murneek also studied the influence of spring 
defo^ation upon fruit-setting. Defoliation in April reduced 
the quantity of fruit set almost in proportion to the extent 
of foliation, so that the .number of fruits set per spur 
v^ied directly with the number of leaves remaining. Analyses 
sno^d that April defoliation increased the carbohydrate/ 
nitrei^^ ratio by both increasing carbohydrate and decreasing 
aitiqfen. This decrease of fruit set accompanying increase of 
is quite in accordance with Hooker’s work, which 
tfaeped that setting normally occurs when the ratio is low. 
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Kraus and Kraybill also recorded the opinion that the-condi- 
tions accompanying fruit-setting were probably different from 
those favouring fruit-bud formation, a theory which hi^ been 
amply justified by Hooker and by Harvey and Mumeek. The 
work on defoliation raises several interesting questions as to 
the reasons for the radical differences in the influence of defolia- 
tion at different seasons upon the contents of the spur. Prob- 
ably defoliation alters the extent to which the spur is dependent 
upon other tissues. Further detailed analyses of the type 
carried out by Butler, Smith, and Curry (above) would be in- 
valuable in this connection. 

In a later publication Harvey (" A Study of Gro^h in 
Summer Shoots of the Apple, with Special Consideration of 
the Role of Carbohydrates and Nitrogen,” Oregon Agric. Exp, 
Sta. Bull., 800, 1923) records the effects upon growth rate of 
defoliation and ringing at different seasons of the year. De- 
foliation retards growth considerably if effected during the 
period of maximum growth rate. Defoliation earlier in the 
season has a much smaller retardating effect. Defoliation late 
in the season retards growth very little or may even result in 
acceleration. The effect of ringing shoots is in general the 
opposite of that following defoliation. Analyses of shoots 
were made at intervals and the results were correlated with 
the growth phenomena. 

Gardner (” Studies in the Nutrition of the Strawberry,” 
Univ. of Missouri Agric. Exp. Sta. Bull., 67, 1923) found that 
the yield was influenced to a large extent by the nutritive 
conditions in the autumn at the time of formation of fouit- 
buds. The maximum number of flower clusters were obtained 
when the conditions during the previous autumn were such 
as to produce a high carbohydrate content. His tables show 
that high carbohydrate content also involved a high oarbo- 
hydrate/nitrogen ratio, since the nitrogen content was almost 
constant. Roberts (” Nitrogen Reserve in Apple Trees,” Proc. 
Amer. Soc. Hort. Set., 1921, 143-s) presents evidence that 
apple-trees may store a reserve of nitrogen in one season, witich 
may be utilised in a later season, when the external sup^dy is 
low. Thus, trees transferred from a medium high in nitioge»i 
to a me^um lacking nitrogen made nearly as much growth as 
trees still provided with abundant nitrogen. The nitrogen 
content of the branches of the former, however, decreased by 
nearly 70 per cent, as compared with a 9 per cent, loss by trees 
not deprived of external supply, (inversely, trees which have 
been starved of nitrogen make good growth when nitrogen is 
supplied, and in addition increase their nitrogen content by 
40 per cent. Roberts also records the influence of carbohy^eate 
and nitrogen content upon fruit-bud formation. A very 
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c/n ratiiit, accompanied by low absolute nitrogen-content, re- 
sulted in very little growth and the complete suppression of 
fruit-bud formation. A very low ratio, with high nitrogen,’ 
produced much vegetative growth but very few fruit-buds. 
When the ratio had an intermediate value, with both carbo- 
hydrates and nitrogen present in intermediate quantities, the 
trees were fairly vigorously vegetative and produced abundant 
fruit-buds. 

The work of Garner and Allard (" Effect of the Relative 
Length of Day and Night and other Factors of the Environ- 
ment on Growth and Reproduction in Plants,” J<mr. Agric. 
Res., 1930, 18 , 553-606, etc.) must be considered in relation 
to thei carbohydrate /nitrogen ratio. Garner and Allard 
showed that the type of growth of a plant, whether vegetative 
or reproductive, can be determined by regulating the daily 
period during which the plant is exposed to light. Some plants 
requii^ a “ long day ” to enable them to flower, whilst others 
flower only if the daily period of exposure to light is short. It 
is reasonable to suppose that the difference of exposure results 
in a difference of carbohydrate accumulation with a consequent 
change in the c/n ratio. Garner and Alard found, however, 
that apparently it was not the total quantity of radiation 
received which produced the observed effects, but rather the 
actual length of the exposure period. Plants exjjosed for 
long daily periods to sunlight of one-quarter of full intensity 
behaved similarly to plants exposed to full intensity for the 
same period, and not in the same manner as plants exposed 
to full intensity for one-quarter of the length of time. This 
mightibe interpreted to mean that the total amount of carbo- 
hydrate produced is not an important factor in flower pro- 
duction, but there is no evidence to show whether the differ- 
ences in total radiation were, or were not, accompanied by 
differences in the photosynthetic activity. It may be that in 
the experiments light was never a limiting factor, and that 
other; conditions regulated carbohydrate production, so that 
the change of intensity had no effect upon photosynthesis. 
Cor^ation of this work with chemical analyses is obviously 
desirrole. Nightingale (” Light in Relation to the Growth 
and uiemical Composition of some Horticultural Plants,” 
Ptoc. Amer. Soc. Hort. Set., 1922, 18-29) has investigated the 
possibilities of influencing the carbohydrate/nitrogen ratio in 
tqraatees, salvias, buckwheat, radishes, and soybeans, by 
nfrrogah manuring, and by regulating the period of ^il^ 
expcKIWe to sunlight. Apparently, under greenhouse condi- 
tiora ih the latitude of Wisconsin, light was definitely a limiting 
Cicto# M carbohydrate production, since Nightingale was able 
to aJIair the ratio by altering the carbohydrate content, as the 
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result of varying the daily period of exposure. The results 
following the alteration of the ratio were in agreement with 
those formerly obtained by Kraus and Kraybill, but >Nightin- 
gale in addition obtained evidence that carbohydpates are 
used in the manufacture of proteins from nitrates. The 
nitrogen content of the plants was separated into an insoluble 
portion (chiefly proteins) and a soluble fraction (the simpler 
nitrogenous substances). If carbohydrate formation is de- 
creased, nitrates accumulate, and the formation of insoluble 
nitrogenous substances ceases. Conversely, if a plant which 
is low in carbohydrates is transferred to conditions favourii^ 
photosynthesis, the resulting increase in carbohydmtes is 
accompanied by a reduction of nitrate-content and an increase 
in insoluble nitrogen. Further investigations along such lines 
appear to be promising, but the inevitable first effect of pro- 
gress has been to demonstrate the complexity of the problem. 
There is primarily the difficulty of locating the region in which 
changes in the carbohydrate-nitrogen balance are important. 
The stem is naturally suggested in the case of deciduous 
perennials, but a somewhat greater discrimination is neoessary 
in dealing with such plants as these. Again, there is the 
question of cumulative and reciprocal influences. The exces- 
sive vegetative growth induced by a low c/n ratio must react 
upon the ratio by virtue of the increased assimilating r area. 
In such a case as the apple, it may be deduced from the work 
of Hooker and of Harvey and Murneek that such factors as 
the length of the growing season, as influenced by weather, 
will also be a factor of importance. Finally, it may be neces- 
sary in many cases to consider not only accumulated reserves, 
but also the relative rates of nitrogen absorption and of barbo- 
hydrate synthesis at critical periods of growth. 

mOXOXOOT. By J. Davidson, D.Sc., Rothamsted Expezhnestsl 
Station, Harpenden. 

General Entomology. — k. Berlese {Redia, 16 , 1 1 5-75) discusses 
certain considerations (adaptability, reprodubtion, varia^n, 
etc.), in the evolution of the organism with reference to insets. 
This is a general summary of the author's views which Svill be 
more fully expanded in the next fascicle of Gli JnseUi, 
Criticism is invited from students interested in the subject. 
An interesting account of the effective use of an aeroplane 
distributing an insecticide is given by B. R. Coad, E. Jidmsop, 
and C. L. McNeil {U.S. Dept. Agric. Bull., 1924). Calcium 
arsenate was distributed as a dust over a cotton field attacked^ 
by the cotton leaf-worm, Alabama argiUacea. From 400 to 500 
acres can be dusted per hour, the insecticide being used nt the 
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rate of 9 lb. per acre. G. C. Crampton, in continuation of his 
morphological studies, discusses the labium in certain holo- 
metabofeus insects from the standpoint of phylogeny (Proc. 
EfUom. Soc, Washington, 26 , 171-80). The acid and allmline 
conditions obtaining within the different regions of the diges- 
tive tract of the larvae of Psychoda and Chironomus, expressed 
as hydrogen-ion concentration values, have been investigated 
by W. J. Crozier (Journ. Gen. Physiology, 6, 289-^3). The 
larvae were kept in solutions of appropriate non-toxic indicators. 

L. O. Howard {Proc. Entom. Soc. Washington, 26 , 25-46) 
gives a very interesting and comprehensive survey of the 

E osition regarding the Wological control of economic insects 
y insect parasites. The same author shows that one must 
not always expect speedy results from introduced parasites 
{Proc. Nat. Acad. Sci. Washington, 10, 16-19), The parasite or 
predator may take a long time to establish itself in the new 
area, as is seen in the case of Scutellista cyaneaaxiA Pleurotropis 
epigonus. The former species introduced into Louisiana in 
1898 was not recovered until 1922. The latter introduced as 
a parasite of the Hessian fly in 1894 was not recovered until 
twenty-two years later ; it has now become a common parasite 
of the Hessian fly in certain states. Stephen Kopec contri- 
butes two interesting papiers on the influence of starvation on 
development and the duration of life in insects {Biol. Bull., 46 , 
1-2 1, 22-34). Experiments were carried out with Lymantria 
dispar L., the caterpillars being totally deprived of food during 
certain days and fed freely during the remaining days. Inter- 
mittent starvation produced prolongation of the larval life 
and an abbreviation of the pupal period, but did not influence 
the life of the imago. Age is a factor affecting the results. 
CatO’pillars starved from about the seventh day after the final 
moult showed retarded pupation, whereas pupation was 
accelerated by starvation from the tenth day after the last 
moult. The author is of the opinion that insect metamorphosis 
is checked by means of secretions from the larval brain. When 
females derived from starved caterpillars were mated with 
cc^rol males the offspring were not appreciably affected, but 
imtmous effects were produced in the offspring by inanition 
of the male, this presumably being due to the different meta- 
bolism of the sexes. 

A. D. MacGillivray has written a book entitled Exterrud 
Instet Anatomy (Urbana, Illinois, Scarab Co.). The work aims 
at beipg a guide to the study of insect types in the laboratory. 
The lacK of illustrations and the wealth of new technical terms 
mtroduced are noticeable disadvantages in what is otherwise 
a uiie^ guide to the study of the external anatomy of insects. 
Elk Sii;uy has compiled a reference book on the insect parasites 



44 SCIENCE PROGRESS 

of man and domestic animals (Paris, Paul Lechevalil^, price 
30 frs.). The conclusions to be drawn from the 122 sfiedies of 
upper Triassic insects collected at Ipswich, Queensland, are 
discussed by R. J. Tillyard (^Proc. Linn. Soc. N.S. 48 , 

481-98) ; 63 genera, 32 families, and 10 orders are represented. 

Orthoptera. — Further studies on the Derma ptera and Orthop- 
tera of Columbia are given by H. Mor^n (Trans. Amtr. Eni. 
Soc., W, 165-313). This paper deals with tne family Acrididse 
and 61 general with 96 species are dealt with, of which 9 genera 
and 47 species are new. 

Coleoptera. — G. C. Champion describes two new genera and 
species of Clavicorn beetles of a new sub-family, the Thau- 
mastodinas, Thaumastodus fusiformis from Philippines and 
Acontosceles hydroporoides from India (Entom. Mo. Mag., 
25-9). Some interesting notes on the biology of Tenewoides 
mauritanicus L., a common insect pest in stored grain, are 
given by R. T. Cotton {Jour. Agric. Res., 28 , 61-8). In Columbia 
the beetle overwinters in the adult and larval stages. Eggs 
are laid in spring in flour, etc., in batches of 10 to 40 eggs. They 
hatch out in 7 to 10 days and the larvae may be active from 39 
days upwards and then burrow into the soft woods of floors, 
bins, etc., where they pupate. The adults emerge in from 
10 to 15 days. A paper on the characters and biology of Co’am- 
bycid larvae of North America by F. C. Craighead will prove 
useful to systematists of that group {Dom. of Canada Dept. 
Agric. Bull., 87 , 1-150). The author indicates the correlation 
between form and modification of the larvae and their environ- 
ment. A short account of the habits of the adults is given 
and a general discussion of the characters of the larva in each 
case, with biological notes on food -and habits. In continua- 
tion of the revision of the Amycterides, E. W. Ferguson deals 
with the Eumoides {Proc. Linn. Soc. N.S. Wales, 48 , 381-435). 
Nineteen genera are dealt with, of which two are new. An 
interesting note on the breeding of Ptinus sexpunctaius Pans, 
from the mud cells of the bee Osntia rufa L. at Oxford is given 
by A. H. Ham (Entom. Mo. Mag., 69 , 29-31). The statement 
that Ptinus is found in or near houses is thus explained by i^e 
nesting habits of this bee. The Galerucides, a sub-family, of 
the Australian Chrysomelidae, form the subject of a paper 
A. M. Lea (Proc. Linn. Soc. N.S. Wales, 48 ). The genus 
Monolepta and the allied forms of Candeeea are dealt with 
and many new species described. H. W. Miles gives a detail^ 
account of the biology of Anthonomus pomorum in England 
(Ann. Appl. Biol., 10, 348-69). All stages in the life^y<de 
am described and the influence of food-plants and climate oa 
distribution is discussed. The second volume on the beetles 
of the Spruce in Finland by U. Saalas has now appeared 
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Acad, Scitntiarum Fmniaa Helsingfors, Set, A,, SB, 1-746). 
It in!Clude$ keys for identification ; 367 sp>ecies ave referred to, 
of wMch 31 1 have been observed on spruce. With a view to 
establishing a more natural classification of the Coleoptera, 
F. S. Stickney has studied the comparative morphology of the 
head capsule in this order (Illinois Biol. Monographs, 8, 1-51). 
Starting with hypothetical types of head capsule of a gene- 
ralised insect, an adult and larval beetle, the salient features of 
the various structures of the head capsule in representatives 
of 105 families have been studied. 

Lepidopiera. — ^The question of colours of Lepidoptera are 
of great interest and there are many problems which remain 
unsolved. H. A. Baylis (The Entomologist, 57 , i, 29, 52, 78) 
discusses the main conclusions of Onslow and others. Colour- 
producing factors may be pigmentary or structural. Blues 
and metallic green are usually due to interference, the scales 
possessing a special structure ; a background of a dark pig- 
ment, in addition, results in an intense brilliant colour. Scales 
whose colour by reflected light is due to structure, very fre- 
quently show the complementary colour by transmitted light. 
Little is known about the chemistry of the pigments. An 
interesting case of seasonal adaptation in the case of Melitara 
junetoliniella Hulst., one of the insects introduced into Aus- 
tralia with a view to controlling the prickly pear, is noted by 
J. C. Hamlin. This insect is indigenous in North America. 
In South Texas it produces two generations annually. When 
introduced into Australia three generations occurred within 
sixteen months and observations indicate that when the species 
tiltimately adapts itself to the seasons it will have three broods 
annually (Jour, Econ. Eniom., 16 , 420-3). F. Silvestri makes a 
contribution to our knowledge of the Tortricidae of the oak 
(Boll. Lab. Zool. R. Scuola sup. Agric., 17 , 41-107). Tortrix 
mridana L. and T. loeflingiana L. have been studied. The 
former species appears in May and June and eggs are laid 
on the bark of twigs being covered with debris. The damage 
it causes is more or less of a temporary nature, and after three 
W more years the insect is generally kept under control by the 
increase of natural enemies and other factors. With the 
latter species, which occurs throughout Europe and Asia Minor, 
the eggs which are also laid on the bark of twigs are not covered 
with debris. The author records certain parasites of this 
moth which have not hitherto been recorded from this species. 

DipUra^ — R. S. Bagnall and H. Harrison continue their 
Studies on New British Cecidomyidce (Entom. Rec., 86, 36-8). 
Twenty-two species new to the British fauna are given. Some 
m^ul critical notes, being chiefly additions and corrections to 
^ircouf's valuable systematic work on the Tabanids, are given 
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by J. Bequaert {Psyche, 81 , 24-40). A discussion of the iinodi- 
fications of the antenna in Diptera, particularly with rega^ to 
the so-called &sicom condition, is the subject of a papi^ by 
M. Bezzi (Proc. Linn. Soc. N.S. Wales, 48 , 647-59). The 
author deals especially with fissicorn Tachinidse, descriptions 
of new forms from Australia and South America being given. 
The fissicorn condition in Tachinids is strictly sexual, being 
confined to the male, and the author gives a table of distinctions 
of the known fissicorn Tachinid genera based on the character 
of the male antenna. J, G. H. Frew gives an account of the 
larval anatomy of Chlorops tceniopus Meigen, and two related 
forms Meromyza nigriventris and Baiioptera combinata (Proc. 
Zool. Soc. London, 1923, 783-821). The same author deals 
with the external and internal anatomy of the larva of Forci- 
pontyia piceus Winn. (Ann. Appl. Biol., 10, 409—41). The pupa 
IS also described. In the larva of this insect the malpighian 
tubules open into the posterior end of the mid gut ; the sali- 
vary glands discharge their secretion by means of intracellular 
ducts ; stigmata are absent, the tracheal system being entirely 
closed, and the author is of the opinion that gaseous exchanges 
probably take place through the thin chitin of the body wall, 
the body fluid acting as an oxygen carrier. A further paper 
by this author deals with the morphology of the head capsule 
and mouth-parts in Chlorops tceniopus Meigen (Jour. Lirm. 
Soc. Land. Zool., 86, 400-10). Certain observations in this 
paper are in disagreement with those of Peterson. The corre- 
lation between food and longevity and reproduction in ffiea 
is shown by R. W. Glaser, who experimented with Musca 
domestica, Stomoxys calcitrans, and Lyperosia irritans (Jofttr. 
Exp. Zool., 88, 383-412). Some interesting new observations 
on Mypoderma lineatum are given by S. Hadwen and J. S. 
Fulton. These authors show that once the larvae enter the 
integument of the animal there is a rapid migration to the 
oesophagus, first stage larvae Imving been found in that region 
and the course of the migration observed. Young stock are 
U^ttacked and older animals become immune to warble larvae 
attack (Parasitology, 16 , 98-106). R, G. Harris haa investi- 
gated the factors which result in the production of the two 
types of Miastor larvae, namely, the paedogenetic larvae and 
those which pupate (Proc. Nat. Acad. Sciences, Washington, 8, 
407). From preliminary experiments the author concludes 
that light and temperature are not the important factors. The 
conditions which induce the appearance of pupa-larvae are 
those resulting from overcrowding. What appears to be a 
case of accidental parasitism is recorded by E. Hindle (Paro- 
sitology, 16 , n I ) who found a living Tabanid larva in a sac-like 
elongation of the right lung in Bujo regularis. The |nresumed 
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case of pedogenesis in Calliphora erythrocephala recorded by 
ParlfiSr is shown by D. Keilin to be incorrect, Parker's results 
being due to faulty experiments {Parasitology, 18 , 239-47). 
Two papers by D. Keilin {Parasitology, 18 , 1 1 3-26, 1 50-9) give 
an account of the life-history and structure of the larva of 
Nooitiophilum prceustum Meigen, Antkomyia procellaris Rond,, 
and A. pluvialis L., which inhabit the nests of birds. In the 
case of the first species the larva of which live as intermittent 
blood-sucking parasites upon birds, the early larval stages are 
described for the first time. The larva of the second species 
is saprophagous, and only lives in the nests of birds, thus ex- 
hibiting a saprophagous specificity. J. R. Malloch gives some 
useful notes on some species of Australian Diptera, which are 
dealt with under four families, Muscarida, Drosophilida, 
Chloropida, and Agromyzida {Proc. Linn. N.S. Wales Soc., 48 , 
601-22). A very full account of the biology and anatomy of 
Forcipomyia is given by L. G. Saunders {Parasitology, 18 , 164- 
21a). The interesting observation is made that the malpighian 
tubules may be either two or three in number, the latter con- 
dition being unique in insects. Irwin Smith {Proc. Linn. Soc. 
N.S. Wales, 48 , 49-81) has a paper on the respiratory system 
of the larva of the Stratiomyid Metoponia rubriceps. An im- 
portant paper entitled “ Dipteres Anthomyides ” by E. S^guy 
has appeared in the series {Faune de France, XI, 393 pp., 813 
text-^s.). An account of the biology of Trichopoda pennipes 
Fab., a tachinid parasite of Anasa tristis D.G., is given by H. N. 
Wbrthley {Psyche, 81 , 7-16). Collections of squash-bugs made 
showed a parasitism of 80 per cent, in nature. The interesting 
Pkychodid Telmaioscopus meridionalis Eaton, which frequents 
particularly the African shores of the Mediterranean, has been 
found in great numbers in Sardinia (Cagliari) and an account 
of its morphology and aetiology is given by Ed. Zavattari 
{Redia, 16 , 1 91-231). Fertilised eggs are deposited on water, 
and the larvae live near the surface on the decomposing vege- 
table matter. There appear to be at least three generations 
in the year. In the female the contents of the spermathecae 
are to a large extent used up as material nutrition. 

Hymenoptera. — ^A description of Termites from the islands 
of Simalur and Pulu Babi (Sumatra) by Masomitsu Oshima 
includes 8 new species {Capita Zoologica, 8, Afl. 3), and H. F. 
Dietz has collected the records regarding the biology of the 
teanhites of the Panama canal zone {Jour. Agric. Res., 28 , 280- 
302). O, £. Plath discusses the theories put forward regarding 
the so-called “ trumpeters " in humble-l^e colonies and con- 
cludes that their true function is that of ventilating the nest 
{Ptyehe, 80 , 146-54). F. Picard gives a detailed account of 
the anatomy and biology of the interesting species Melitiobia 
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acasta Walk., Bull. Biol. Franc* et Belgiqu*, A^^Sof. 
The Ichneumotiid Limnerium lEulimneria) crassiftmur Jpoms, 
is recorded by A. Paillot from Nmrotoma nemoraU* L., 
being the first record of a hymenopterous host of this para^' 
site (C. R. Soc. Biol., 89, 1045-48). The biology of Thriuax 
mixta Kl. and T. macula Kl. (Tenthredinoidea) recorded 
from Durham, and the features which differentiate the ^o 
tyi^s of larvae are given by A. D. Peacock (Proc, Univ. DutkatH 
Philosoph. Soc., 6 , 365-74). The ant genera Myopias and 
Acanthoponera are revised by W. M. Wheeler {Pscyks, 80 * 
175-92). A key to proposed sub-genera of the genus Amkma, 
together with description of several new species, is the subject 
of a paper by H. L. Viereck (Can. Entom., 56 , 19, 28). 

Hemiptera. — J. C. Chamberlin has an important monograph 
on the Tachardiinae, or lac insects, some members of which 
produce lac or shellac of commerce. Sub-family rank is given 
to the group, although the author considers it should more 
properly represent a family of the super-family Coccidoidiea. 
Forty-four species are redescribed and figured. With a view 
to putting the systematic study on a morphological basis, the 
morphological characters of the adult females have been 
specially noted. The group is divided into four genera : Tachardia 
Blanch., Tachardiella Ckl., Tachardina Ckl., and Austrotcuhardia 
gen. nov. The three former genera are subdivided each into 
two sub-genera (Bull. Entom. Res., 14 , 147-213). Another 
paper on lac insects by S. Mahdihassan aims at classifying 
these insects from a physiological standpoint. This authbr 
differentiates between true lac insects for which the genus 
Lakshadia is erected, and pseudo-lac insects which are grouped 
under the old generic name Tachardia. The biological notes 
are interesting, but due regard does not ap{>ear to have been 
paid to the rulw of nomenclature (Maharajah's College, Fitianch 
garam, S. India, Journ. Sci. Assoc., 1923, 47-99). Interesting 
observations on the relationship of leaf-hoppers to certain 
associations are given by D. M. De Long (Ann. Ent. Soc. Amer., 
W, 363-71). Ten new species of Coccidae are described Iw 
E. E. Green and F. Laing (Bm//. Entom. Res., 14 , 123-31). A 
description of all stages in the life-history of Ericerus p*ta 
Chav., the coccid which forms Chinese white-wax, is given by 
Inokichi Kuwana (Philippine Joum. Sci., 88, 393-405). There 
is an interesting note by S. Marco vitch (Science, 88, 537) oh 
the influence of “ length of day " on the appearance of winged 
migrants and sexual forms in aphids and F. M. Wadley (Am. 
Ent. Soc. Amer., 16 , 277-303) discusses the influence of parent* 
age, temperature, and nutrition on the alate and apterous con- 
dition in the same family. Ryoichi Takahashi (Dept. Agric, 
Govt. Res. InsHt. Formosa, Rept., 4 , 173 pp.), has publisM 
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Plait 4 of the Aphididae of Formosa, which includes descriptions 
of 14 new species. New Aphididae from E^ypt by F. V. Theo- 
bald (Su//. Soc. Roy. Entom. d'Egypte, 1924I includes 14 species 
new to science. H. Osborn and F. H. Latnrop have reviewed 
the North American species of the genus Phlepsius {Ann. 
Eigiom. Soc. America, 16 , 310-350). G. Teodero describes an 
oi]gan on the elytra of Heteroptera which is evidently associated 
vrith the support of the wings during flight (Redia, 16 , 79-95). 
A detailed study of the mouth partSj salivary pump, and sali- 
vaiy glands in Cimex lectularius is given by J. M. Puri {Parasi- 
tology, 16 , 84-97). The systematist will find the critical obser- 
vations of L. B. Woodruff {Jour. N.Y. Entom. Soc., 82 , 1-62) 
on the Membracid genus Cyriolobus of interest. Part 4 of the 
Insects of Connecticut deals with the Hemiptera {Connecticut 
Cool. Nat. Hist. Survey Bull., 84 , 805 pp.) ; 45 families and 1,646 
species are dealt with. 

Other Orders. — K. Friederichs {Capita Zoologica, 8 , Afl. i) 
has some observations on the Embiidse, with interesting notes 
on their habitat. Ptilocerembia roepkei gen. et sp. nov. from 
Java is described. With a view to reorganising the Mallophagan 
family Menoponidse and establishing the relationship of these 
insects to their hosts, G. F. Ferris in a preliminary paper deals 
with the types of five genera {Parasitology, 16 , 55-66). The 
systematist will find the notes on the Apterygota by J. R. 
Dennis {Ann. Soc. Entom. France, 98 , 209-46) of interest. 
P. Esben-Petersen in Parts 4 and 5 continues the studies of 
the Australian Neuroptera {Proc. Linn. Soc. N.S. Wales, 48 , 
576-600). 
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ANCIENT EGYPTIAN MATHEMATICS 

By warren R. DAWSON. 

The " wisdom of the E^ptians ” is p^roverbial, and in the ex- 
tensive remains of their great civilisation which time and 
vandalism have spared is sufficient proof of their advanced 
knowledge and abilities. The large and varied literature which 
has come down to us on papyri and ostraca written in the cursive 
script known as hieratic discloses the Egyptian to us as a man 
capable at once of great achievements and yet subject to consider- 
able limitations. Whilst we have a great abundance of literary 
texts — stories, poems, and the like— of philosophical and didactic 
works, of legal and business documents, we have comparatively 
little in the way of scientific works. A group of medical 
papyri in which magic predominates over an undoubted 
modicum of real medical knowledge has recently been supple- 
mented by the Edwin Smith Papyrus, which is a practical 
treatise on surgery applied to wounds. Of mathematical 
works we have still less. Our reconstruction of Egyptian 
mathematical knowledge is necessarily centred on the Rhind 
Mathematical Papyrus and a number of lesser fragments on 
associated subjects. The Rhind Papyrus was edited half a 
century ago in German by Prof. Eisenlohr, but this edition 
is now completely out of date, for not only has our knowledge 
of the language, and especially the highly technical phraseology 
employed in a scientific work, increased by leaps and bounds, but 
additional material has come to light Whicn must necessarily 
be brought into focus. 

In 1898 the authorities of the British Museum published a 
fine folio facsimile of the papyrus, but, as this was uixaccom- 
panied by a translation, the document has long been before 
our eyes tantalisingly inaccessible to all save the few who can 
read the hieratic script. Our difficulties are now, however, at 
an end, for an admirable edition of the papyrus has just 
appeared, containing not only the E^ptian text, but a fttH 
translation and commentary, and a valuable introduction on 

so 
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Egp^ian ^thematics generally.*. From this edition it will 
be interesting to glance briefly over some of the fundamental 
notions of Egyptian mathematics as understood in the second 
millennium before Christ. 

On the general character of Egyptian mathematics we 
cannot do better than quote Prof. Feet’s opening statement 
(p. 10): 

" The outstanding feature of Egyptian mathematics is its 
intensely practical character. This is not peculiar to mathe- 
matics, for it is typical of all the sciences in Egypt. As Plato 
alone of the Greeks seems to have realised {Republic, iv, 436), 
the Egyptians were essentially ‘ a nation of shop-keepers,’ and 
interest in or speculation concerning a subject for its own sake 
was totally foreign to their minds." 

The papyrus itself affords ample evidence of this, for 
everything is expressed in concrete terms. The Egyptian does 
not think of 8 as an abstract number, he thinks of 8 loaves, 
or 8 sheep. Similarly, he enters into calculations on the angle 
of slope in a pyramid in order to direct his masons how to cut 
the blocks, not because he is interested in angles or slopes. 
There is an almost total absence of general principles or formulae ; 
each problem has to be worked out on its merits. Thus 
Egyptian mathematics stagnated. No progress was made 
once a system had been devised to meet the ordinary require- 
ments of daily life — to measure a field, to distribute 
commodities, etc. 

Egyptian notation is a decimal system. The units are 
written by a stroke 1, the tens by n, hundreds, thousands, tens 
of thousands, hundreds of thousands each having its appropriate 
sign, which cannot be here reproduced, as hieroglyphic type 

fa necessary. Thus 3 is written 111, nine is iii, for 13 we have 

III 

the notation mil, for 56 and so on. It will easily be 

seen that high numbers require the use of a great many ciphers, 
so that, in the cursive or hieratic script, graphic abbreviations 
were used. There is evidence that this decimal system was 
originally quinary and based on finger-counting, but as early 
OS the ist dynasty {circa 3400 b.c.) the decimal notation up 
to 1,000,000 has been found. The evidence for the quinary 
method is extremely interesting, but is an excursus into which 
we cannot wander now. 

fiMitd Mathematical Papyrus — British Museum, 10057 and 10058. 
moa gucttoa, Hanic^tion, Translation, and Commentary by T. Eric Pert, 
miwm Professor oi EjQrptologyin the University of Liverpool, etc. (Liver- 
pwa univetsity Press and Hodder ft Stoughton, Ld. 1923. Folio.) 
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When we come to review the simple arithmetical processes, 
we have to reckon with certain basic facts, which, although 
known to all of us, we scarcely ever pause to consider. We will 
quote Prof. Peet’s remarks again (p. ii) : 

" There is only one truly fundamental process in arithmetic, 
that of counting. What we are accustomed to call the four 
simple rules are not fundamental, but are results of counting 
committed to memory. Thus, when I say 8 and 7 make 15 I 
am not performing a basic process, I am merely repeating a 
fact which I know from memory, and the child who says 
8 and 7 are 14 is not making an error of calculation, but merely 
one of memory. If I wish to prove that 8 and 7 really do make 
15,1 must count out 8 objects, then 7 more. I must then count 
both lots together and I shall get 15.” 

The same holds good of subtraction, and multiplication and 
division are acts of memory too. Ability to make rapid 
calculations is therefore dependent largely on memory equip- 
ment, and the individual who carries all the multiplication 
tables in his head from 2 times to 19 times is obviously better 
equipped than one whose memory does not extend beyond 
12 times 12. The Egyptian had a great advantage in addition, 
as the nature of the decimal notation enabled him to dispense 
with a great deal of memory-work, for he had actually to 
count his ciphers as he wrote them, except that memory 
had to be employed when writing the hieratic abbreviations for 
groups of ciphers. Thus 7 written by hieroglyphic notation is 
'{|{, but in hieratic an arbitrary ligature very like our figure 7 
was used. Similarly 8 is contracted in hieratic from 
|{|i to so on. 

Addition was often expressed by a preposition meaning “ in 
addition to.” Thus we have " a number whose fourth part is 
added to it.” Sometimes the verb ” put ” is also employed : 
” You are to put 100 in addition to it,” i.e. “ add 100 to it.” 
Subtraction is expressed by a verb the primitive meaning of 
which is ” to break.” 

With regard to multiplication, the Egyptian never multi- 
plied, by sh^r act of memory, by any numbers except 2 and 10. 
Here again in the case of multiplication by lo it was simply 
case of altering the decimal notation, i.e, turning unit**signs into 
ten-signs and so on. By reversing the process, division fey 
10 was similarly accomplished. Multiplication by 2 was, 
however, a simple process of memory. To multiply by a higher 
number than lo was a question of manipulating tne powein 
of 2 and lo* Thus 12 times a number was obtoined by addii^ 
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i Hums to 10 times. To multiply 1 5 by 1 3 the following process 
wa& used : 

/I X IS - IS 
2 X I s - 30 
/4 X IS - 60 
/8 X IS “ 120 
Total 13 X IS — 19s. 

Here the Egyptian merely kept on doubling. The multi- 
pliers 1, 4, and 8 add up to 13, and consequently their products 
must amount to 13 times 13. These numbers were ticked off, 
and they and their products totalled at the foot of the sum. 
Division was a simple reversing of the same process ; thus 
77 -r 7 was done as follows : 


/I X 7 “ 7 

/2 X 7 - 14 

4 X 7 «= 28 

/8 X 7 - s6 

Total II X 7 »» 77. 

In this case the products of the ticked numbers 7, 14, and 36 
add up to 77, and the corresponding numbers i , 2, and 8 make 1 1 , 
which is the answer. The processes of multiplication and 
division were expressed by a compound word which means 
literally to “ incline the head,” and, as Prof. Peet suggests 
with great probability, ” nodding the head ” may have I^en a 
jarimitive operation in counting, and so perhaps acquired the 
meaning “ to count,” the head l^ing nodded to mark off every 
five or ten counted off on the fingers. Thus ” count with 4, 
5 times ” means ” multiply 4 by s-” Division was also 
expressed with the addition of the verb ” to find.” Thus 
” divide 77 by 7 ” would be expressed “ count with 7 to find 
77.” The result of multiplication or division was usually 
expressed by the verb” to become.” Thus 4 x 3, “ it becomes 

30 .” 

Fractions were extensively used. We find their practical 
application in many account papyri which have survived and 
in specifyini; the quantities of dru^ used in the prescriptions 
of the medical papyri. The fractional system used by the 
Egsrptians, however, was a simple one, because with the single 
exception | no fraction was ever employed with a numerator 
greater than unity, and consequently all Egyptian fractions 
were aliqudt parts. For writing fractions it may be mentioned 
Hiat a special notation was employed. The fractions 
and { had special hieratic signs, but all other fractions were 
«xpreaed by writing the numeral underneath a sign which in 
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hieroglyphic characters is the mouth. This sign was rej^ced 

in the hieratic script by a dot. Thus i was written 

or tV, nm (the denominator likewise having its hieratic equi- 
valent). Tne idea of fractional expression on philological 
grounds is a series of " breakings ” or " halvings.” We thus 
have frequently in the medical papyri J, i, tV, A, etc. 
But side by side with these dimidiated fractions there was 
another series which evidently had its origin in dividing into 
thirds. This perhaps will explain the unique position occupied 
by the fraction f in Egyptian mathematics. The special sign 
for t conceived a part which we may call a ” two-thirds.” It is 
clear that this conception was a fundamental one, for one- 
third of a number was invariably found by first obtaining two- 
thirds and then halving it. Although the Egyptians had no 
notation for fractions with a numerator greater than i (with 
the single exception of |) there is abundant evidence that such 
fractions were conceived. For this Prof. Peet adduces clear 
evidence on p. i6 of his book. Speaking of fractions generally 
(p. 17) he says : 

” In order to appreciate the powers and limitations of the 
Egyptian mathematician in dealing with fractions, it is essential 
to bear this notation in mind throughout. What enabled him 
to keep such a simple apparatus undeveloped throughout 
ages was the fact that he never learned to multiply directly 
by any other number than 2. The result was that in his pro- 
cesses he was rarely likely to be threatened with worse 
fractions than doubled aliquot parts, e.g. ” twice the thirteenth 
part.” He had discovered that all such quantities could be 
resolved into the sum of two or more aliquot parts, and had 
actually worked out tables for such resolutions, running from 
twice a fifth-part to twice a loist-part. This simple apparatm, 
a copy of which begins our Rhind Papyrus, saved him the 
trouble of evolving a more complicated fractional notation.” 

Before proceeding to consider the contents of the Rhind 
papyrus, it may be mentioned that the principles of the Squai« 
and Square Root were known to the E^ptians, as examples in 
the Moscow, Berlin, and Kahun papyti show. Solution of 
equations by a simple method of trial is exemplified in the 
Rhind Papyrus, and likewise arithmetical and geometrical 
progressions. With reprd to Geometry the same severely 
practical character of its application is manifest. The area« 
of squares, oblongs, and circles are estimated, and the volumes 
of cubic figures worked out. 

For setting out sums a regular set of technical phrases and 
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terms fae employed. Each sum consists of a title, statement 
of the problem, the working out, and the proof. A long section 
of the introduction is devoted by Prof. Peet to the philological 
and methodical aspects of the problems (pp. 21 if.). Egyptian 
weights and measures, of length, area, and capacity are likewise 
discussed. The metric system is a study in itself, and must not 
detain us now. 

We must now briefly consider the actual contents of the 
Rhind Papyrus itself. Like almost all Egyptian books it opens 
with a grandiloquent title, followed by the date in the reign 
of the king under which it was drawn up, and the name of 
the scribe who copied it. The title is translated by Prof. Peet 
as follows (p. 33) : 

“ Rules for inquiring into nature, and for knowing all that 
exists, [every] mystery, . . . every secret.” 

A considerable space is then devoted to a table of each 
of the various fractions whose numerator is 2 and whose 
denominator is one of the odd numbers from 3 to 10 1 as the 
sum of two or more aliquot parts, i.e. fractions whose numerator 
is unity. Thus : 

1 — 1 ^ 1 1 
— IX nt "T yax* 

As mentioned above, the Egyptian did not use any fractions 
other than aliquot parts (except f) and in order to deal with 
fractions whose numerator was 2 he drew up a table for ” the 
division of 2,” i.e, a table for breaking up such fractions into 
aliquot parts. 

" By what process did the Egyptian arrive at his results ? 
This may best be understood by examining a typical specimen 
of a resolution, napiely, that of f, which may be paraphrased 
in modem terms as follows : 

“ Problem : express 2 -r 7 as the sum of a series of aliquot 
parts. 

” Answeri if+i-ithof7; J " iSrth of 7. t.«. ■ - i + A. 

“ Proof : I 7 

i 3i 

/{ i| + i 

/4 A t 

(Proof of this step :) 

I 7 

a 14 

/4 28. 

'* There is no doubt as to what takes place here. The 3 
is broken up into two parts, namely (li + t) and i. The first 
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of these is then shown to be J of 7 by the simple process of 
dividing 7 by 2 and then by 2 again, while the second is simwa 
to be ^ of 7 by multiplying 7 ny 4 and obtaining 28. Thus 
2-7-7*"i + A* 

“ As a proof this is satisfactory, but it does not throw the 
slightest light on the one feature of interest in these problems, 
namely, the manner in which the Egyptian obtained his answer, 
which, be it noted, is not worked out at all, but merely assumed 
and then proved. To arrive at the method by which the answer 
was obtained it is necessary to examine the whole series of 
resolutions from | to rfr, and to try to discern in them any 
signs of the employment of a general formula.” (Peet, op. cit., 
P- 34.) 


This problem is tackled at length by Prof. Peet, who 
finds the solution and gives a table of the whole series from 
1 to ^r. The Egyptian naturally omitted any treatment of |, 
as this fraction stood quite alone, as previously intimated. 

After these lengthy calculations, there follows a series of sums 
showing the division amongst 10 men of various numbers of 
loaves, vie. i, 2, 6, 7, 8, and 9. The method of all these sums 
is the same. The first line states the problem, the second gives 
the answer as usual without any working out, and the remaining 
lines show the working of the proof. Thus No. i reads as 
follows (p. 51); 

” Example of dividing 1 loaf among 10 men. 

" You are to multiply rv by 10. 

“ The doing as it occurs : 

/2 i 

4 i + A 

^ /8 I + iV + A. 

” Total 1. This is the number in question.” 

No. 3. 

" To divide 6 loaves among lo men. 

” You are to multiply i + A by 10. 

" The doing as it occurs ; 


I 

/2 

4 

/8 


i + A 

t\ 

2i + A 
4f + A + A* 


” Total 6. This is the number in question.” 

In the multiplication by four | is broken up into i + A by 
the table at the beginning of the papyrus, and in the next line 
A is resolved into A + A. 
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We may explain the working of the above two examples in 
the same manner as in the cases of simple multiplication and 
^vision stated earlier in this paper. In No. i the ticked 
numbers 2 and 8 add up to lo, and their fractions i + t + ^ + 
A-tt- I, and in No. 3, it + 4l + A + 5- — " Stt- 6 . 

Following upon these divisions of loaves, the papyrus 
proceeds to two sets of calculations called “ completions.” 
It is difficult to see what practical purpose these calculations 
can have had. Prof. Peet has taken a typical specimen 
(No. 1 3) which he sets out in modern notation as follows : 

a - Tti 
Ja “• II TIT 

|o — I*< — tit 

Total a(i + i + !)■= i. 

The sums may, as Prof. Peet suggests, show us some part 
of the experimental working which is taken for granted in so 
many of the problems. We have here, not definite problems to 
solve, but the discovery by trial of useful facts for future use. 
The second set of " completions ” is quite different from the first 
and involves the solution of definite problems. Thus we have 
"'What completes f + A to 1 ? ” and the answer is i + A, 
or as we should say tt ; |o that the problem is simply ” subtract 
I + •^ from I , expressing the answer in aliquot parts.” 

The method of working involves the principle of the common 
denominator, which in this case is 1 5, the values of the fractions 
in fifteenths being written in red below them. All that is then 
required is to express the result in aliquot parts, the proof being 
supplied again with the common denominator of the fractions. 

No. 21 (op.cit.fP. 58): [the underlined figures are written 
in red in the papyrus]. 


M 


41 


It is said to you ‘ what completes | into i ? ’ 

10 ji Total 
Remainder 


Reckon with 15 to find 4. 


1 1 . 
4 - 


•Af 

/* 

A 


15 

I* 

3 


“ Total 4 : then | + tV is what must be added to it. 
Therefore l + J + A + Ais complete up to 1.” 
i? 1 i i 


We now come to a long series of calculations which are 
the solutions by trial of equations of the first degree. One 
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of the problems is headed “ a quantity whose seventh part is 
added to it becomes 19.” (No, 24, op. cit., p. 61.) This 
equation, expressed in modern terms, is: “If * + 
find X.” This sum is worked out by the cumbrous Egyptian 
method which is summarised as follows {op. cit., p. 61) : 

“ Step I. The trial number 7 is set down, and one-seventh 
is added to it, giving 8. 

“ Step 2. The 8 is operated on in the usual fashion to 
produce 19, or, as we put it, 19 is divided by 8. The result as 
shown by the ticks is 2 + i + J. 

“ Step 3. This last quantity is multiplied by 7, giving 
i6j + J. 

“ Proof : One-seventh of this quantity is taken and added 
to it, the result being the required 19. The working of this 
proof is omitted.” 

Two problems follow which deal with division of loaves in 
unequal proportions, and then we pass on to a different series 
of problems involving mensuration and beginning with volumes 
and cubic capacity (Nos, 41-7). We have a number of circular 
containers, the height and diameter of which are given, and the 
answer is worked out in capacity in hekeU, or bushels. The 
results on the whole are fair approximations, but not accurate 
calculations. No, 44 deals with the volume of a rectangular 
container, and No. 45 is to find reverse, i.e. given the quantity 
of bushels, find the dimensions of the container. 

A considerable collection of problems (Nos. 48-55) deals 
with calculation of areas, and involves the use of the Egyptian 
land-measures. We have pieces of land specified in various 
shapes, circular, triangular, etc. Some of the problems are 
accompanied by linear figures, after the manner of Euclid. 

Problems Nos, 56-60, likewise accompanied by figures, are 
to find the angle of slope, or " batter ” of the sides of pyramids, 
a matter of great practical importance in the Middle Kingdom, 
at the time the book was composed, as pyramids were then 
still in fashion. 

All the above groups of problems can be classified, but the 
next series, Nos. 61-84, deal with a great variety of miscellaneous 
nmtters. Thus we have proportionate values of precious metals, 
division of barley into snares in arithmetical progression, 
reckoning of live-stock, barter values of grain, bread, and beer, 
geometrical progression, food estimates of poultry and cattle, 
etc. 

With these problems we reach the end of the mathematical 
book. A short free space of papyrus at the end has been used, 
as was so often the case, for miscellaneous jottings which have 
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no Q^nection with the subject-matter of the roll. Here we 
have an unintelligible group of signs, perhaps a puzzle, a 
fragment of accounts, and some calendrical jottings from which 
very hazardous chronological conclusions have been drawn. 
These are written on another scrap of papyrus which has been 
pasted on to the Rhind Papyrus as a patch to cover a tear. 

The above paragraphs will, it is hoped, serve to point out 
some of the interesting features of the Rhind Papyrus. To 
do justice to Prof. Feet's publication far more space would be 
required. The whole undertaking is a model of how a scientific 
publication should be produced. The subject-matter is not 
subordinated to philology, as is often the case in editions of 
Egyptian texts. The Egyptologist has the palajographical, 
philological, and archseo logical matter to interest him, the 
mathematician has a book which is entirely comprehensible to 
him without the necessity of knowing a single word of Egyptian, 
and, to the student of the development of human thought, 
papyrus is full of appeal, for it raises many pertinent questions 
as to the relation of language to thought and of language to 
writing. From the historian’s point of view the chapters on the 
comparison of Egyptian with Babylonian mathematics and on 
the Greek views on E^ptian mathematics are both enlightening 
and important. 

Egyptology should^not be confined to Egypt, it touches the 
whole development of human thought and action. 



PROBLEMS OF SATURN’S RINGS. 

By J. A. LLOYD, M.B.A.A. 

Tglpyn Obs$fvatofy, Ruthin, Wal^ 

Part I 

No other planet has received anything like the attention that 
has been Stowed by astronomers on Saturn. It would also 
be correct to say that no other planet has so amply repaid 
that attention. A rich harvest has been gathered which more 
than justifies the labour spent in cultivating the field. 

Why Saturn has been so favoured with attention will be 
apparent from a glance at the drawing fFig. i). This shows 
the appearance of Saturn in a powenul telescope. The re- 
markable ring-system that surrounds the planet is, so far as 
we know, a feature that has no parallel elsewhere in the universe. 

It is not surprising, therefore, that most of the work of 
astronomers in connection with Saturn has been directed 
towards the elucidation of the problem — ^What is the nature 
of Saturn’s ring ? The last word has not been said even yet, 
and at the moment of writing a theory has been put forward 
which threatens to upset all our previous notions respecting 
the composition of this curious formation. 

The systematic study of Saturn really began when Galileo 
turned the newly-invented telescope on the planet about 
year 1610. His telescope was a very small and im^rfect 
affair, magnifying only thirty diameters, and his view of 
Saturn through it merely served to mystify him, 

Wluit he saw was this. Instead of a simple round body, 
he saw a central globe accompanied by two smaller globes 
on each side of it. And, instead of publishing his discovery 
in plain terms and simple language, Galileo resorted to a do^ 
which was very common in those days, which was done m 
this way : 

When a person was not sure of a discovery, and yet wanted 
to be the itot to publish it, he generally wrote down the detaik, 
and then jumbled the letters up, so tluit it would be impossibte 
for anyone to read it who had not the proper key. 

This was what Galileo did. He wrote a letter 

«0 



Fig. I. — ^Saturn, showing the Crape Ring, Cassini's division, Encke’s division, etc 

Drawn by J, A. Lloyd. 



Fig. 3.— Saturn with edge of Ring presented to the earth. 
From a drawing by J. A. Lloyd, 
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Fio. 6. — -Picture diagram to explain the modern conception 
of the internal constitution of Saturn. 

From a dtawing by J, A, Uoyd, 
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IdB (ysGOviNqr the astronomer Kepler, but which the latter 
failed to read, just as Galileo intended hp should. Later, the 
sentence utes found to mean “ I have observed the planet 
Saturn to be triide.” 

soon, however, as Galileo was assured of the correctness 
of his observations, he had no hesitation about announcing it 
without equivocation. " When I observe Saturn,” he wrote, 

*' the central star appears the largest ; two others, one situated 
to the east, the other to the west, and on a line which does not 
coincide with the direction of the Zodiac, seem to touch it. 
They are like two servants who help old &tum on his way, 
and always remain at his side. With a smaller telescope, 
the star appears lengthened, and of the form of an olive.” 

It is necessary, in order to understand what follows, to 
say that the ring of Saturn is not always presented to our 
view at the same angle. Its appearance varies from time to 
time. This happens because the plane of the ring does not 
coincide with the plane of the Earth’s orbit. So that, as the 
Earth and Saturn both travel round the Sun, we find ourselves 
alternately above and below the ring in space, while it 
periodically happens that the ring disappears completely, 
because we can only see its extremely thin edge at those times. 

Unfortunately, this condition was fast approaching when 
Galileo began to observe, but as he knew nothing of it he was 
very much puzzled to account for what he saw taking place. 
The two attendants, as he called them, gradually dwindled 
down, becoming smaller and smaller, till at last they became 
invisible altogether to him. He was very perplexed and 
disappointed. He doubted the evidence of his eyes, and blamed 
his telescope for having deceived him. He was so shaken by 
the Incurrence that, strangely enough, instead of following 
up his observations and trying to fathom the m3rstery, as we 
should have expected him to do, he gave Saturn a wide berth 
for the remainder of his life. 

Half a century went by, and then the murder was out. 
Christian Huyghens, a Dutch scientist, had turned his attention 
to maldng glasses for telescopes, and, after a while, he succeeded 
in constructing a very good instrument, far more powerful 
than that em^noyed by ^lileo. 

Huyghens took up the problem of Saturn, and at last was 
able to say that the appearances which had so puzzled Galileo 
and the earlier observers were caused by a thin flat ring sur* 
roun^^ the planet, which we saw from different directions, 
depending on the relative positions of Saturn and the Earth. 
Consei^hently, when Saturn ” swallowed his children,” as 
GiMileb had declared in one of hb letters, what hapj^ened was 
we were looking at the thin edge of the ring instead of 
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viewing it full on, as it were. Then the ring disappeared ftom 
view because of its extreme thinness and the lack of power 
of the telescope. 

Huyghens published his important discovery in the form of 
a cipher, as Galileo had previously done. But in 1659 he felt 
sufficiently sure of himself to announce to the world that 
" Saturn is surrounded by a thin and flat ring, not touching 
the planet at any point, and inclined to the ecliptic.” Fig. a 
shows how Galileo saw Saturn with his baby telescope ; and 
in the lower portion, the improved view obtained by Huyghens 

with his supierior instrument. 

Next a man named Cassini, an Italian 
who lived at Paris, began to work at the 
problem ; and in 1675 he was rewarded 
by an important discovery. For he found 
that the ring was really double, being 
divided by a dark gap, which is now 
called “ Cassini’s Division.” The feature 
is shown as a heavy black line running 
all round the ring in Fig. i. However, 
as often happens, this division had been 
independently discovered by an English- 
man named William Ball, who now 
shares the credit with the Italian. 

Cassini also called attention to the 
fact that the two rings are not of equal 
brightness, and he compared the inner 
one to burnished silver, and the exterior 
to dull silver. 

So matters stodd till the time of Sir 
William Herschel. Sir William refused at 
^ Huj^ena. ™ ^0 believe that Cassini’s division 

Ffommaatmmbyj.A.Lhyd. was a Veritable gap in the ring. He 
insisted that it was a mere shading on 
the surface. He subjected it to a long course of careful 
scrutiny, but failed to detect any changes in it. 

But when, in 1790, he got a chance to see the other ffice 
of the rings, and perceived that what he called the ” broad 
black mark ” was visible on that side as well, he was forced 
to admit that the Cassini division was a true gap in the ring. 

Coming nearer to our own time, the next discovery with 
regard to the rings was made in 1837 by Encke, who noticed 
that another division existed in the outer ring. But this was 
a very fine and delicate line, visible only in the largest instru- 
ments. It was situated rather more than half-way between 
the Cassini Division and the outer edge of the ring (see Fig. 1). 

On the iimer portions of the rings discoveries were also made 
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during this period. Galle iii 1838 called attention to a gradual 
shading oi! of the inner ring towards the planet, and then in 
1 850 this was proved to be still another ring, far less luminous 
than the others. It is now known as the “ Crape Ring," or 
gauze ring, because it is partly transparent, allowing us to see 
the body of the planet through it (Fig. i). 

Now, what about the rings when they are presented edge 
on to us ? Well, in 1861 the rings were seen edgewise, and an 
observation by a man named Wray was made, which is of 
considerable interest. “ A prolongation of very faint light 
stretched on either side of the dark shade of the ball, over- 
lapping the fine line of light formed by the edge of the ring 
to the extent of about one-third of its length, and so as to give 
the impression that it was the dark ring and seen edgewise, 
projected on the sky.” The drawing (Fig. 3) will serve to 
explain the foregoing remarks. 

We are able to gather from the above observation that 
the rings are really most remarkably thin. Estimates of their 
thickness vary, but if we provisionally adopt about fifty miles, 
we shall probably not be very far out. 

The next thing to be determined was whether the rings 
are circular or not. The earlier observers thought they were, 
but grave doubts were entertained by some later astronomers, 
chief of whom was perhaps the late Father Secchi of Rome. 
He spent considerable time in making careful measurements 
of the rings, and he decided that they were not circular but 
very slightly elliptical. Another interesting fact that was 
disclosed is, that the globe of Saturn is not in the exact centre 
of the rings, but just a little to one side of the centre. Here 
the mathematician steps in and asserts that such a condition 
of eccentricity is necessary to the stability of the ring-system, 
so we have here both theory and observation going hand in hand. 

There was another curious fact came to light from the 
measurements made on the rings ; it was this. They were 
gradually widening towards the planet, so that, if this extension 
were to continue, the rings would at last come to touch the 
surface of Saturn. What would happen then is a nice question ; 
it is probable that the rings would go to pieces. Flammarion 
has even medicted the year 2150 as the date when this will 
happen. But it is premature to make such predictions, for 
the later measures by Barnard and others do not show the 
expected increase in width. It is quite likely that the very 
nature of the rings makes it possible for them to expand and 
contract as they are pulled this way and that by the gravita- 
tional influence of Saturn’s moons. 

We now approach the very heart of the mystery. What 
Olcactly are these wonderful rings? What is the material 
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from which they are fashioned ? This is the problem that 
has been perplexing astronomers ever since they began to 
observe Saturn at all. 

The earlier observers naturally thought they were solid 
flat sheets of the same material as the planet iteelf ; and, until 
the question is examined carefully in the light of modem 
science, this seems reasonable enough. 

It has, however, been definitdy proved that the rings 
cannot possibly be solid, because no material that we can 
imagine would be able to stand the enormous strains and 
stresses to which they must be subjected from the attracting 
force of the planet. The late Mr. R. A. Proctor likened the 
ring to a vast arch or bridge across an abyss. " The strains 
and pressures upon the various parts of the system would 
exceed thousands of times those which even the strongest 
materials built into their shape could resist. The system 
would no more be able to resist such strains and pressures 
than an arch of iron spanning the Atlantic would be able to 
sustain its own weight against the attraction of the earth." 

If the rings be assumed to rotate, as, indeed they actually 
do, the theory becomes even more hopeless. Our friends the 
mathematicians tell us that the pull of Saturn, combined 
with the centrifugal tendency of the rings themselves, would 
instantly burst them asunder. This effectually disposes of 
the solid theory. 

How about rings composed of some liquid — water, for 
example ? We find ourselves in rather worse case than before. 
The mathematicians again tell us that the waves which would 
be inevitably set up in the rings would immediately destroy 
them. Therefore, once more, they cannot be liquid. 

What remains ? The question was taken up by a brilliant 
young scientist, Clerk-Maxwell, in 1857. He proved beyond 
all reasonable doubt that the rings can only be composed of 
mighty swarms of separate lumps of matter, meteorites as we 
term them, each one revolving on its own path about the 
equator of Saturn, in periods of time which depend on their 
distances from Saturn’s centre. 

Thus was the mystery of Saturn’s rings solved, not by 
observations with the telescope, but by calculations on 
paper. 


Part II 

ThCTe is no reason to doubt the validity of Qerk-MaxweP^ 
deductions. On the contrary they have been confirmed mi a 
number of different ways. One confirmation is obtained 
from measurements of the brilliancy of the rings under cUffer«Bt 
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^ tto iwfctcr hew tjney ert alasetea caanot be 

explained in bay other way than by vafposis^ the lifigs to 
be composed of sepamte particles. 

Another method of testing the question is a beautiful one 
devised by Prof. Keeler, using the instrument known as a 
spectroscope. The method is so ingenious that I feel tempted 
to explain how Prof. Keeler applied it. 

If the rings were solid, it is clear that the outer edge would 
rotate faster than the inner edge. But if the rings are made up of 
separate particles, the inner edge would go the faster, because 
the nearer any body is to a controlling mass, the faster it 
must travel in order to preserve an orbit. Otherwise it would 
fall on to the attracting body. 

Now in the spectroscope we have a means of testing this. 
By means of a prism the light 
from any luminous body can b( 
broken up into its constituent 
parts, being spread out into £ 
piulti-coloured ribbon called th( 
spectrum. By noting the positioi 
of certain lines that cross th< 
spectrum we can tell of what 
elements the luminous body i: 
composed. And these lines hav( 
a fixed position in the spectrun 
provided the source of light is at 
rest. 

Now suppose the luminous 
body begins to move towards us. 

Then all the lines in the spectrum 
undergo a shift of position towards the violet end of the 
spectrum. If the body is moving away from us, the shift 
is in the opposite direction or towards the red end. The 
amount <4 displacement of the lines depends on the speed at 
'ediicdi the luminous body is travelling. 

This, then, gives us a means of testing the rotation-periods 
qf the vario^is parts of Saturn's ring. Fig. 4 explains how the 
result is obtained. By placing the slit of the spectroscope 
herose bhe ball of Saturn, we obtain three different spectra, 
tibd broad middle one due to Saturn itself, and the two narrow 
ones to the parts of the ring on each side of the planet. If 
we tetke the straight central line to represent any particular 
Opipsnion to ah three spectra, it would represent that Une 

is not at rest. It is turning on its axis in' the 
****own btr the arrows, and conseouentlv the line is 



Fio 4 — Professor Keeler*s Methcn) 
of testing the rotation of Saturn's 
Kings 

From a diafmm hy J, A, Uayd, 



htdkm and tilted as sbQwo iha sltdrt iitgmmilk M 
m the left is tilted with itt inner end tcnetuMhin tl^ .mBl» 
showing clearly that side of the rix^ is oeimng t^iiafiis m 
and that its inner edge is moving fastn: than its CMiter. 

On the other side we have the reverse effect, s 
side to be moving away from us. The amount by which the 
short lines are displaced at any point of their len^ from the 
normal line will give us the s|^d in miles per second of the 
corresjponding portion of the ring. In this way the rotatioa- 
period of Saturn has been determined * and it proved beyond 
doubt that the ring was composed of independent units. 

But how did such a ring come into existence at all ? There 
have been several explanations, some of them more or lem 
plausible. A mathematician named Roche proved in it4i 
that no solid "body could exist near Saturn if its distance from 
the planet were 2*38 radii of the latter, because of the gravitn- 
tionai effect of the planet. It would be quickly disru|ited. 
Sir George Darwin su^ested that the rings are due to the 
shatterii^ of such a satellite by the gravitational inSuenoe 
of Saturn. At anv rate the rings agree fairl:^ with thb 
position which su<m a body would have occupied. 

Turning now to the study of the gaps or divisions in tin 
rings, perhaps the work of the late Prof. Percival LoweU nu^ 
foremost amongst what has been accomplished in this dfreridhn. 
It has already been mentioned that two gaps are visUde in 
the rings — Cassini’s and Encke’s. These gaps are prov^ to 
he due to the disturbing influence of Saturn's mown mi tl^ 
particles composing the rii^. But Prof. Lowell and tfr* 
SUpher at Flagstaff ObservatOjiy, Arizona, discovered thirt ' 
there existed several other divisions ^ adwtion to the twn 
already described. < 

Now, there is no question about the reality of these 
although we are touching on veiy recent work here^ beoanii! 
they were not only seen, but their positions in the ivtM wem 
measured. Moreover, the measurements made at mflSaWlIK 
times agreed with each other very closely indeed. 

To explain these divisions, suppose we have mat 
revolvii^ about another laiger one. Then its pain Vdjliifi 
kn ellipse, the larger body occupsring one focUs. TIup taSbb m 
speed of the lesser body, or the time it takes to 0lMn|ile(n f 
revolution, will depend on the mass of the greater 
body and on the distance between the two. f 

But now, let us suppose another body to 
about the same central mass. Each of theab twOtMiKiitj^^ 
bodies, or satellites, will now interfere with the moliai.nl'M 
other, because every particle of matter hi the 
attracting every other particle, and tbw We cab 
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tlkeitt is t «omm«i»i«|!alnlit;y of period, or, say 
iniifl <|Oo goes roiind in half the time taken the other, or that 
diM ipa^ three revolutions while the other makes five, or any 
other simple relation like that, then these mutual perturbations 
frill occur over and ova again at the same points of their 
Osh^, and the end of it vail be that one or other of these 
hodiCB will be forced to abandon its original path and take 
up another where the periods will not be commensurable. 
Cbmmensurability of period is always an unstable condition. 
The bodies will henceforth not overtake each other at the 
Same point time after time, but always in a different position. 

Saturn has ten moons revolving round it, and of these, 
two, which are nearest to the pknet, named Mimas and 
Shiceladus, have a markedly disturoing effect on the rings. 

So, when Lowell came to compare the periodic times of any 
supposititious particles revolving round Saturn in the positions 
indicated by the gaps in the rings, with the periodic times of 
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Fto, in Sstuni’a Rings showing distancns at which rotation periods 

asn conunensiirable with those of the Satellites, Mimas and Bnceladns 
> Drmm ky /. A, Lloyd, HmA m Pro^mor LomtWt f H ta r cS st , * 

iSmas and Enceladus, he found that such a ratio existed. The 
fmifram Fig. $, based on Lowell’s researches, shows this at a 
dianoe. Here we have a section as it were cut off from the 
Sittum itself being to the left. The figures along the 
IMp oQ not concern us now, for they merely give the distances 
totfecduida of arc of various parts of the ring-system from 
centre. 

^ . tint Vcary wide black band is Cassini's division, and below 
fraction which means that any particle revolving 
idtiw Saibum in tmt position must do so in half the time 
by Mimas. Consequently the perturbating effect of 
Wtodth nh auch bodies vrould tend to sweep them out of thai 
ijpIptlOli;;, and so leave a blank space in the ring. An^ so for 
the other divisions. Those distinguished by the lettcor 
to Enceladus, and represent positions in the ring 
periods would be submultiples of the period of that 

Wlffi the gaps in the rit^ had corresponded eiGBCthf' 
assigned to them bv theory, all would have 
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been Well. But they did not quite correspond, tlieory was 
perfect, the measures were satisfactory, yet something was 
wrong. What was to be done about it ? 

Astronomers had always regarded Saturn as rotating in one 
solid mass. But it was found that the gaps in the rings were 
all slightly too far out from Saturn’s centre to be compatible 
with the solid theory. There was only one thing to do, and 
> that was to assume that Saturn was built up of a series of 
concentric shells, as imagined in the picture-diagram, Fig. 6, 
the inner ones rotating faster than the other, and then to 
re-calculate the positions of the gaps on this assumption. 
When this was done, measurement and theory agreed perfectly. 
Thus, by trifling errors in the positions of the gaps in the rings, 
the astronomers were able to deduce the internal condition 
of Saturn. 

The gravitational influence of Saturn’s moons on the rings 
is shown in another way. When the rings are seen edge on, 
some of the largest telescopes show certain knots or swellings 
in the line which represents the ring at those times. In oth^ 
words, the line is not equally thick all along its length. The 
knots are seen at the outer edge of each ring, the matter 
being more closely gathered together at those points thnn 
at the inner edges. 

Prof. Lowell suggests that the swellings are due to collisions 
taking place among the particles of the ring, the effect bdng 
to drive some of them out of the plane of the ring and so increase 
its thickness at those points. According to lowell, the swellings 
appear " exactly inside the points where the Siatellitfes' d»- 
turbing action would be greatest, or, in other words, in precisely 
their theoretic place.” 

Coming now to some very recent work on Saturn, it was 
suggested in 1914 by Hepburn that the exterior ring was 
transparent. This view he put forward after an examination 
of a photograph by Barnard, which shows the ball of Saturn 
very clearly through the ring. Thife observation came in for 
some pretty strong criticism, but in 1917 Hepburn was proved 
to be right. , 

In that year Messrs. Ainslie and Knight were fottuimi^ 
enough to see Saturn pass between us and a small star. NOW 
when first seen the star was on the extreme edge of the 
bright ring, and as Saturn moved along, the star, of 
being fixed, some very curious appearances took place. “Tht 
star passed all along Cassini’s division, and was just as farigbit 
as when Saturn was not there, showing that Cassini’s divuMMp 
was a real gap in the ring and not a mere shading on the 
of it. 

But as the star passed behind the outer ring it was iSW® 
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teonsiderably dulled, but was still easily visible. During its 

S issi^e behind the ring it flickered twice, brightening suddenly 
r two short periods, the first lasting ten to fifteen seconds, 
and the second five seconds. What caused the brightening ? 
The first was due no doubt to the star being seen through 
Encke’s division, and the second to an unknown gap outside 
Encke's. Moreover, the star was not quite so bright when 
seen through these gaps as it was after Saturn had completely 
passed from before it. ' 

Subsequent discussion of the observation brought to light 
several curious facts about which we need not here concern 


ourselves. But I might call attention to one thing, and that 
is ; it was possible to get a very tolerable estimate of the size 
of the particles composing the ring. 

The star was very small, and there was no perceptible 
twinkling of its light as it passed along. Taking into con- 
sideration the magnitude of the star, it would seem to require 
fragments considerably over two hundred yards in diameter 
to cause it to twinkle ; therefore, we may safely say that the 
separate units of Saturn’s rings cannot possibly be larger than 
thia, and probably very much less. 

The observation seemed also to show that there are only 
two gaps in the outer ring and not some half-dozen or so as 
Lowell shows. It is, however, probable that these smaller 
^ps are not permanent features at all, but open and close 
from time to time. Even Encke's division is not always visible, 
though it can sometimes be seen with quite moderate-s^ed 
telescopes. 

Changes of this sort seem to be continually going on in the 
rings of Saturn. It is said that changes are also taking place 
in the Crape Ring ; it varies in colour and brightness from 
time to time, and occasionally some well-marked irregularities 
have been perceived in its edges. 

Very recently indeed it has been suggested that Saturn 


g ossesses another Crape Ring outside the bright ring-system. 

uch a ring seems to be required by mathematical theory. I 
believ^ that one or two distinguished observers claim to have 
se^ it with the telescope, but more confirmation is required 
before the matter can be regarded as definitely settled. 

That is where the problem of Saturn’s rings stands at 


present. 



THE CHEMISTRY OF EMBRYONIC 
DEVELOPMENT. 

Bv JOSEPH NEEDHAM, BA. 

Benn W Levy Student tn Btochemtstry, Umvefstty of Cambridge 

** I remember that Doctor Harvey ceme several times to Trin Coll : to one 
George Bathhurst B.D. who liad a hen in his chamber to batch eggs, which 
they dayly opened to disceme the way and progress of Generation.'* 

John Aubrey : 1636. 

When in the future the historian of Biological Chemistry looks 
back on the events of the last twenty years of the nineteenth, 
and the first twenty of the twentieth century, his attention 
will assuredly be drawn to at least one outstanding point. He 
will observe that some parts of biochemistry — standing though 
this subject does at the centre of the biological sciences— 
remained for years altogether neglected, while on parallel lines 
research proceeded with signal success. Indeed, this inequality 
of progression is well known to all who have had occasion to 
survey the history of science as a whole. On a large scale, 
it may be seen, for example, in the three well-marked periods 
into which progress in Anatomy has fallen — the first, from 
1500 to 1560, associated with the- names of VesaUus and 
Fabricius, the second, from 1600 to 1690, with those of Harvey 
and Malpighi ; and, thirdly, that later period beginning about 
1770, and containing Bichat and John Hunter. 

More interesting speculation will be afforded him, howevw, 
if he tries to find out the probable causes for this unequal 
advance. Doubtless, before 1850, the factors were more 
numerous, but since then, such factors as the varying facilities 
for research in different countries, the degree of encouragement 
on the financial side, the availability of material, and, above 
all, thd position of experimental methods at the time— have 
all played their part. Probably of late years, and especial^ 
in biochemistry, the question of technique' has been the most 
important. As Prof. F. G. Hopkins wrote in 1919, In the 
growth of any branch of knowledge, there are, indeed, periods 
when the development of technique becomes the most pressiof 
of needs, and its success the best measure of progress." 1116 
lack of accurate quantitative methods has certainly ollwfr 

70 
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proved an insurmountable barrier to progress in certain 
dictions. 

But, to turn now from the general to the particular ; what 
reasons, we may ask, will be found for the very small amount 
of work, relative to the importance of the matter, which has 
been done on the metabolism of the 1 developing egg? Here 
the diflficulty of experimental methods cannot entirely be held 
responsible. Methods which can be applied to blood can 
usually be applied also to the egg without much difficulty. 
Yet it is ceitainly true that an ignorance of the properties 
and constitution of many of the most important bodies in the 
egg, proved a stumbling-block to the earlier investigators~ 
and may still do so, as our knowledge of them is fragmentary 
even now. 

Another difficulty inherent in the f)roblem is that of material. 
The eggs of insects and of fishes are usually too small to deal 
with except in very large numbers, and then the impossibility 
of telling how far development has proceeded is an exceedingly 
grave drawback. On the other hand, for some purposes, 
avian eggs, such as those of the hen, are too large. However, 
in most cases this has been the one chosen, and it is this one 
which seems to hold out most hope for future work. The 
difficulty of inequality of development is one that can only be 
overcome statistically. Everyone who has dealt at all with 
developing chick embryos knows that they never all begin 
and end together. Some seem to have the start of their 
companions by about twenty-four hours, and on the twentieth 
day a few begin to emerge, though others may remain inside 
their shells till the twenty-second day of incubation. Accord- 
ingly it is impossible to be sure that eggs withdrawn for analysis 
on the tenth day contain true tenth-day embryos ; some will 
.be late ninth-day ones, and others early eleventh day. How- 
ever, by using a sufficient number of eggs, an average result 
<»n be obtained, and, considering all the inaccuracies inherent 
in most of the best estimation methods, this error can probably 
be made by no means excessive. But in the case of the very 
small eggs, and especially those whose incubation-period 
consumes months, it is quite impossible to be certain as to 
this point. 

A more subtle cause of error, though one which has done 
wobabl^ more damage, is the indefiniteness of morphological 
.boundaries. Aise the membranes of the embryo, for example, 
to be counted as belonging to the embryo or to the rest of the 

? When the yolk-sac is being withdrawn within the body 
of tbe chick from the eighteenth day onwards, where does 
tile yolk " end, and where does “ intestinal consents ” 
boii^ ? It is impossible to say ; and analytical data may be 
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rendered very misleadii^ and difficult to interpret bgr in- 
accuracies such as this. For them there is no help, eaccept 
the foithful adherence to well thought-out arbitrary boundaries. 
But the correlation of chemical with morphological facts is 
no easy matter, as shall appear in due course. 

We have now expatiated somewhat on the difficulties of 
“ Embryochemie " (as it was termed by Liebermann in 1888), 
and supplied several speculations to the historian of the future, ' 
should he happen to read the old files of this journal. It is 
necessary, therefore, to see whether the results gained in such 
studies are at all commensurate with the difficulties of the 
work. That they really are is evident without much thinking. 
In the hen’s egg, for example, we have a completely closed 
system in which for twenty-one days the most remarkable 
chemical transformations are occurring with very little loss 
or gain. Water and CO, are lost, but no N, 0 , is taken in. 
Unlike the adult organism, no special feeding has to be done, 
no analyses of excreta have to be made, and bacteria, though 
certainly present in the interior of the egg (Pennington, 1910), 
can hardly be expected to possess the activity which is associated 
with the flora of the intestinal tract. They do not “ line every 
approach to the body,” as they do in the adult animal. We 
shall return to the special benefits obtained from the study 
of such a closed system later on. But who can fail to hie 
impressed with the synthesis of the most complex substances, 
such as Haemoglobin and the feather-pigments, firoro the 
simple constituents of the yolk and the white ? 

We might discuss now the different ways in which researches 
on the metabolism of the developing egg could be carried on, 
and afterwards detail the experimental results obtained. But 
instead, they shall come fikt ; since facts should precede 
theories, and their exact significance shall be dealt with after- 
wards. At the outset there are several closely related branches 
of work which do not come into consideration. Much work 
has been done on the physical and chemical changes associated 
with ^ the act of fertilisation ; especially in America, bbt 
this is really a distinct phenomenon from the development 
of the resulting embryo, and will be disregarded. Another 
considerable portion of the literature deals with the gaseous 
exchange of the incubating egg, and for this we are ebieS^ 
indebted to the Dutch and Scandinavian ph3r3iologistS. Stiu 
a third group of pajpers, by Tangl and his associates, deals 
with the " Entwicklungsarbeit,” and the energy-chai^|es 
bound up with it. But what we are here to consider is we 
series of actual chemical changes taking place as the ettlfr^ 
develops — a line of work which has bwn very insufiteien'^ 
Studied relatively to the others. ' ' ' 
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In the first place, among the Innumerable chemical 
problems which attract our attention, the shell with which 
avian eggs are surrounded presents points of great interest. 
That we should take this first is incidentally justifiable on 
historic grounds, for in 1 833 William Prout published an article 
in the Philosophical Transactions of the Royal Society, entitled 
" Some Experiments on the Changes which tal^e place in the 
Fixed Principles of the Egg during Incubation.” In this he 
contended that as the skeleton of the hatched chick contained 
more lime than could be accounted for by that present in the 
interior. of the egg at the beginning, some of it must come 
from the shell. Out of this paper there grew a vigorous little 
controversy. In 1877 Voit decided that Prout had been 
wrong, to he got lower figures for the skeleton Calcium than 
Prout, and considered that all of it could be obtained from 
the interior of the egg. His average for the Ca in the embryo 
was 0334 g., while the average yolk alone contained 0347 g. 
On the other hand, in the following year Vaughan and Bills 
came to definite conclusions of an exactly opposite nature. 
Their average figures were as follows : 

Ca In chick at end of incuba- Ca in shell at beginning . 5*856 g. 

tion .... *382 g. Ca m shell at end . . 5*362 g. 

Ca in interior of egg at 

beginning . . . *070 g. Ca lost by shell 0*323 g. 

Ca acquired by chick from 
some other source *312 g. 

Thus the gain in the embryo was just counterbalanced by 
the loss from the shell. In 1 883 Pott and Preyer, in the course 
of anal3rses of large numbers of eggs, returned to Voit’s con- 
dusions. They considered that since Vaughan and Bills had 
only used from sixty to seventy eggs, their figures were not 
numoous enough to draw conclusions from. . Individual 
variations might be so great as to negative these. The appraise- 
ment of these papers is complicated by the fact that the 
methods for Calcium estimation then in use were not remarkable 
for their accuracy. And in connection with this, it is amusing 
to note that Voit and Pott and Preyer all give their analytical 
iTSults to four, five, or six places of decimals 1 

In 1918 Carpiaux reopened the question. With much 
improved technique he succeeded in finally confirming Prout, 
nfi|er a century of dispute. Fig. i shows the curves he 
obtfuned, and it will be seen that they place the matter in a 
dbfikdte position at last. 

M^uon of the process of Calcification or Ossification leads 
mi dmecily to consider another aspect of the same phenomenon. 
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Id addition to Calcium, l^osphorus is necessary for it, apd it 
had been the speculation of the earlier writers as to how tids 
was obtained. After some ineffective attempts to estimate 
the changes which Phosphorus compounds m^ht undergo 
during incubation, the subject was put on a firm basis by the 
excellent paper of Plimmer and Scott (1909). Fig. 2 shows 
the changes which take place in the various fractions dining 
development, calculated for the whole egg. A glance at these 
shows that among the most marked changes is the inorganic 
P. It increases from nil at the beginning to 60 .per cent, of 
the total P at the end ; and arises, as is seen from the diminish- 
ing quantities of other fractions, from the lipoid P, the Water- 



correlated well with the ossification process, which, beginning 
at a few centres early as the eighth day, does not get into > 
its stride till the eighteenth day, by which time the inorganic P 
curve is well advanced. A comparison of the Calcium curve 
‘of Carpiaux with the inorganic P curve of Plimmer and Scott 
is most interesting, for they almost exactly coincide. 

But now we are to see how important a piece of work it 
was that Plimmer and Scott carried out. The decrease in 
the lipoid fraction (Ether-soluble P) was very marked indeed 
and could only mean that the lipoids were bang broken down 
into free fatty acids and inorganic phosphorus. Eavcn 
subsequently showed that the -free fatty adds of the ><1^ 
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iacareasod at the expense of the yolk, though not ^o as to account 
for all. And excellent evidence was available from the work 
of Bohr that fat was used as energy-source during almost the 
whole of development. A Respiratory Quotient of *71 was 
normal. At this point the question is linked up with the 
study of Cholesterol. Tichomiroff, Mendel and Leavenworth, 
and Parke, had all, though using very inaccurate methods, 
found a gradual decrease of free cholesterol as incubation 
proceeded. They contented themselves with suggesting the 
highly improbable explanation that cholesterol might serve as 
an energy-source, and they left the problem at that. Gardner 



(1909) had shown that it was certainly not synthesised during 
devdopment. More interesting still was the work of Hanes 
{[1913L who, in the course of histological studies on the develop- 
ing chick, observed that on the fourteenth or fifteenth day 
the liver became suddenly loaded with anisotropic doubly- 
refracting globules. By microchemical tests he proved that 
these consisted of cholesterol esters, and went so far as to 
associate them in some way with the process of ossification. 
It Kyas reserved for Mueller (1916) to bring all these facts 
into ccm*elation. His figures are set forth in Fig. 3, whwein 
it 'Will be seen that the cholesterol remains practically constant 
in. mnhnnt till the thirteenth day. After that time the free 
<SidN>tarol diminishes very markedly, and the esters of 
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choIei!it«rol increase in a compensatory manner.* Now, t^e 
Phosphorus figure of Plimmer shows that the lipoids do 
begin to break down till the thirteenth day, so that Mueller's 
supposition that the fatty acids so formed combine partially 
with the free cholesterol can hardly be called a far-fetched 
hsrpothesjs. On the contrary, it would seem certain that this 
is what actually happens. The amount of free cholesterol 
present wcAiId not, however, serve to fix more than 25 per 
cent, of them at most, and presumably oxidation accounts 
for the rest. Possibly this is a true detoxication-reaction. 
Now the breakdown of the lipoids as the ^g develops might 
be supposed to lead also to an increase of free choline. 'Sharpe 


•J 


•i 


•I 




(1923) has recently investigated this point, and finds— though 
he only gives a few figures — that it decreases. It is only 
fair to say that he expected it would, since Burns had shown 
in 1916 that free guanidine increases, and choline was believed 
to be the precursor of the latter. On this subject there wiU 
be more to say later. 

Another question raised by the work of Plimmer and Scott 
is the behaviour of the water-soluble organic phosphate, 
The chart shows a slow rise till the sixteenth day. Mowed Iwr 
a rapid decrease. Plimmer explained the rise by suggesting 
that in the conversion of vitellin P to inorgaiuc P thei^ we* 
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aa intttWiediate phase when a water-soluble organic compound 
was formed. However th^s may be, the bodies which this 
fraction would include are glycerophosphoric acid, any Phos- 
phorus in carbohydrate combination, and lastly, phytic acid, 
u indeed it is present in the egg. It is this latter substance 
which is in all probability the precursor of ,the cyclose of the 
body, »-Inositol ; so at first sight it seemed possible that 
this could be correlated with the curve obtained for Inositol 
in the egg (Needham, 1923). This is shown in Fig. 4. The 
big fall after the fifteenth day is unexplained at present, but 
the general effect is a rise from 6 to 60 mgms. per cent. Cal- 
culation shows, however, that about ten times as much organic 
phosphorus as actually exists at the beginning would be 
needed to account for all the Inositol produced. A synthesis 
of it, therefore, is probably what takes place. 

Yet another important fact established by Plimmer and 
Scott is that the Nuclein Phosphorus increases also as incubation 
proceeds. This is exactly what one would expect would happen 
as the tissues of the embryo grew and more nuclei were wanted. 
Although animal nucleic acid is now not considered to contain 
a pentose, it is interesting to see that Mendel and Leavenworth 
(1908} found a steady rise in pentose content during develop- 
ment. This needs confirmation, as they used but few eggs ; 
their figures are shown in Fig. 5. All one can deduce from 
this is that nuclear metabolism is probably more intense 
towards bhe end of incubation. 

Again, in the experiments of Plimmer and Scott, it will be 
xmticed that the Vitellin phosphorus falls from 30 per cent, 
of the total P to practically nothing. From the work of Ham- 
marSten and 'Bunge (1882), we have evidence that the com- 
pounds specially responsible for haemoglobin-formation are 
vitellin and its near relatives such as Bunge’s ” Haematogen.” 
The nature and properties of this substance have received so 
mu^ attention that they form a small literature entirely on 
their own, yet even now little is known aboutJthem*for certain. 
On the other hand, Liebermann in 1 888 and later on Frankel 
estimated the haemoglobin-content of the embryo at different 
stages. Their combined figures are given in Fig. 6. The 
curve is, indeed, much as one might expect, but it is interesting 
in that it does not begin its rise till the tenth day, while the 
lureakdown of vitellin. as seen from Plimmer’s chart, does 
ni9t bi^n appreciably before then either. It is surely to these 
chronological correlations that we must look if we want a clear 
conception of the cogwheels of the egg's metabolism, 
i Before leaving the question of the transformations which 
s^ppeu to the fats while development proceeds, it is interesting 
to note that some work has b^n done to estimate how their 
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degrte of saturation varies during the process. Mottram In 
1915 found a peak on the eighth day, but he did ndt differentiate 
between the tat in the chick and trat in the remainder of the 
so this result is not very illuminating. Eaves (1910) 
had previously gone deeper into the matter. Her curves 
are given in Fig. 7. Obtained from a considerable number 
of eggs, they clearly show a primary absorption by the em- 
bryo of the less saturated fatty acids, followed later by a 
more equally distributed absorption after the seventeenth 
day. Now, as has been found by Dakin and others, the fiist 
step in the utilisation of fatty acids is undoubtedly their 
desaturation — a process which appears to be performed in the 



liver. And it was later shown by Mellanby (Fig. 8), in quite 
another connection, that about this time the fiver weight if 
most rapidly increasing. We can hardly.be accused of undue 
speculation if we aspme that here the limiting factor in fat 
assimilation is the liver tissue, and the highly saturated fata 
are left outside the chick till a time when it can better utilise 
them. At any rate, here is. a working hypothesis. 

Less work, on the whole, has been done with regard to 
nitrogenous metabolism. Gortner in 1913 investi^ted that 
of the eggs of the brook-trout, SavelliuHs fotUinalis, N. He 
was much impressed with the importance of embryonic nawta- 
bolism, and considejed the Nitrogen-changes to be the key tO 
the understanding of the whole. He wrote ; ^ Do the i»ir. 
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;(|HUberi«b of the iion«embryomc part of the go in to the 
emlttyo unchanged, or are synthetic changes also taking 
I^ace ? If not, the simple ovoalbumin and ovomucoid must 
contain all the amino-acids necessary for the complete animal, 
and, furthermore, in the right proportions." 

His final chart shows a number of changes, but none 
which are very easy of interpretation. He himself con- 
sidered that the most marked characteristic of the whole 
was the constant trend from non-basic Nitrogen to basic 
Nitrogen, and that 63 per cent, of the energy of development 
must arise from protein substances ; the greater part of this 
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contribution coming from the monoamino-acids. Later on 
repeated this work on the eggs of the giant salamander, 
(^ftlebratichus alhghiensis, and obtained almost exactly 
similar i^ults. During incubation, free Tyrosine was found 
t» diminish in amount, but other amino-acids were not followed. 
Toinita afterwards, found that the Reststickstoff also diminished 
in 'amount, but not till after the tenth day. B3rwaters in 1915 
discovered the interesting fact that the ratio between the 
OVCmucoid and the ovoalbumin in the remainder of the ega 
Wfts a -constant throu{[hout the whole twenty-one days. Tms 
mujit is important, as it shows that at no time does the embryo 
^lerentiauy absorb ovomucoid. Whether this is broken 
into its protein and carbohydrate constituents before 
allMMrptiDa is a more difiScult question to answer. As we shall 
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g«e ktet, the total coficenttatiott of glucose in the inouhhtitw 
^ sinks |;raduf^ly, &nd the curve for it probably hides several 
separate ones. It might be possible that instead of a constant 
equal absorption of ovomucoid and ovoalbumin, the latter 
only was absorbed, and was formed from the former. This 
would certainly lead, however, to an increase of free sugar— 
which has never been observed. 

The only observer who has dealt with the purines in the 
egg is Tichomiroff. He studied in 1882 the purine-content of 
the eggs of the silkworm, Bombyx mori, and found ’02 g. per 
cent, at the beginning ; -23 per cent, at the end. The signifi- 
cance of this result is obscure, for we do not know the inter- 
vening points on the curve, and we do not know either how 
directly comparable the eggs of the silkworm are to those of 
the hen. All we can say is that like the pentose figures a more- 
vigorous nuclein metabolism is perhaps present at the end 
than at the beginning. This is only what would be expected. 

As regards Creatine and Creatinine, the only paper on this 
subject is that of Mellanby {1907). In the unincubated egg 
he could find no trace of either (though both Kojo and 
Salkoffski had previously done so), and it apparently did not 
increase till the fourteenth day. The present writer has been 
able to confirm the latter part of Mellanby ’s curve, though 
the values came just a little lower. The ascending curve 
(Fig. 10) Mellanby correlated with the increasing weight of 
the liver (already seen in Fig. 8) and also of the body in toh. 
But since the inorganic P, the Calcium, and numerous other 
substances arc all ascending rapidly during the last five days 
of incubation, this is surely somewhat rash. There seems 
little justification for it. Not much light, unfortunately, yras 
thrown on the matter by Burns’s 'work (1916). In order to 
ascertain whether guaiudine could possibly be held responsible 
for creatinine formation, he very carefully estimated the 
total guanidine in the egg at different periods of incubation. 
His curve is shown in Fig. 11. At first sight, it fits in well 

a ith Mellanby’s creatinine curve, for the creatinine does not 
•gin to increase till the twelfth day, and here we see the 
guanidine coming down from its maximum about the same 
time. Unfortunately, the method of estimation of guanidine 
includes creatinine in its values, so the total guanidine OUinie 
should not fall, it should continue to rise without intermissxm, 
Three possible explanations exist. After the twelfth day .the 
protein complex which supplies the guanidine may beioO^ 
more resistant to oxidation, and so escape the Method ; 
the precursor of guanidine, whatever it may be, may he 
destroyed by enzyme action somehow. Thirdly, the guinidiha 
may, after the twelfth day, not only form creatinine ba^ 
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pet locked up in very stable ring combination, and so result 
in an apparent decrease. ' But there is no doubt as to the 
accuracy of the figures. 

In spite of the obvious interest of the egg’s carbohydrate 
metabolism, only two significant substances have been 
s^tematically estimated. All workers are agreed, however, 
that the following %ures are accurate for the unincubated 
egg: 

Glucose in white . . *74 per cent. 

Glucose in yolk . . *14 „ „ 

Total percentage . . ’45 „ „ 


Greene in 1921 showed that for the eggs of the king-salmon, 



Oj^rh3mchus, the usual amount of glucose was always present, 
no matter what the animal had been feeding on, or even 
whether it had been starving. Similar results are seen in 
the classical papers of Miescher. 

Tomita in 1921 made the most exhaustive experiments on 
thif subject. During incubation the glucose sinks to a trace 
m the white, but remains almost constant in the yolk. (The 
pnfy evidence for the existence of a polysaccharide in the egg 
U the work of Bierry, who in 1910 found more glucose after 
tilting the egg with hydrofluoric acid than before.) Bonnanni 
aiki Anno had previously found that lactic acid was present 
m;|his ^g, but it was left for Tomita to follow its concentration 
6 
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during development (see Fig. 14). The peak on the fifth 
is very interesting, for it may mean that the enzyme which 
splits lactic acid to CO| and water is not present in ^e 
egg till after the fifth day. Also it stands in marked opposition 
to the majority of the other curves. The usual behaviour of 
a metabolite is to remain quiescent till about the twelfth day, 
and then to move violently up or down. A possible hypothesis 
is that the substances which are apparently inert or non- 
measurable for the first fortnight are really not so at all, but 
also have peaks at this period ; much too small, however, 
to be observable by our present methods of analysis. And 
it cannot be denied that a knowledge of the chemical events 
proceeding in intimate association with the formation of the 
primitive groove, the medullary folds, and the laying down of 
the three germinal layers, would be of the highest interest. 
Embryologically the fifth day is chiefly remarkable for the 
appearance of knee and elbow, and for a large growth in the 
size of the Central Nervous System. However, to return to 
lactic acid, Tomita found that he could materially raise the 
lactic acid maximum by injecting glucose into the egg on 
the first day with the aid of a sterile technique. Amino-acids, 
such as Alanine, had no effect, and he concluded that he had 
proof of the carbohydrate origin of the lactic acid in the egg. 
If this be really the case, it is extraordinarily interesting that 
in the first week of incubation glucose is utilised and lactic 
acid formed. For the Respiratory Quotient of the egg does 
not attain its steady figure till the end of the first week ; before 
then it is about *9, but afterwards it is constant at *71. Thus, 
after the first week fat is being used as the energy-source, 
but during the first week, apparently some carbohydrate too. 
The Respiratory Quotient, as given by Bohr in 1903, is plotted 
in Fig. 13. 

The sulphur metabolism of the egg has hardly been worked 
on at all. Liebermann was impressed by the formation of 
feathers, and estimated the S in them during the last ten 
days of development ; the curve so produced, however, shows 
extraordinary peaks, and in view of his methods, can mean 
but little. Since the discovery of Glutathione by Hopkins in 
1921, the amino-acid cyctine has attained so important a 
position in relation to tissue oxidations, that more data as to 
the distribution of sulphur in the developing egg are badlb^ 
needed. 

We have now reviewed the literature which exists at the 
present time on the metabolism of the developing egg. It 
will be seen that it is quite wide, but somewhat shallow ; _ in 
only a few places have really deep foundations been dug. 

More surprising than this is the fact that all these researches 
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haye not been previously brought together. The reason for 
this, however, is perfectly simple and illustrates a change 
in tendency which has lieen influencing biochemistry more 
than is generally realised. The earlier workers — ^indeed, most 
pre-war workers— approached the egg each from his own 
standpoint, asking, “ What can it tell us about creatinine ; 
or haemoglobin synthesis ; or some other special subject ? ” 
The conception of the egg as an end in itself does not seem 
to have held the imagination of more than a few workers ; 
the majority never thought at all of the egg qud egg. It is 
in just the same way that we are now realising that the bacillus 
is an organism, and not a convenient box of enzymes ; we are 
thinking of the bacillus qud bacillus (cf. Stephenson and 
Whetham, 1922). Hence in a paper on glucose in the egg, for 
example, there will be many references to previous work on 
glucose, and but few to previous work on eggs. Thus it has 
come about that when the present writer set out to think 
about this subject, he did not foresee how many most interest- 
ing correlations' already worked out would present themselves, 
^d in future, we must go to the egg, not because we are 
interested in glucose, but because we are interested in the 
part that glucose plays in the chemistry of Embryology. 

From the review which has been given, it will have been 
seen how small is our understanding of the general problem 
of the dynamic chemistry of the embryo. At a moment's 
glance there spring to the mind any number of possible corre- 
ctions which need investigation. How does the embryo 
accomplish the synthesis of its blood and feather pigments ? 

does its Sulphur metalx)lism provide for such diverse 
things as glutathione and keratin, from the simplicity of 
ovoalbumin ? How does the purine metabolism of the egg 
end ? 

As a matter of fact, the egg is, in a word, the place par 
excellence for the study of Precursor problems. A priori, if 
the curve for a substance X goes down just at the same time 
as that for Y is coming up, then, other things being equal, 
th^ is ground for a belief in their interdependence. Yet 
tlw search for correlations must proceed with the greatest 
circumspection ; for here we have a field covered with pitfalls, 
hforeover, one curve may altogether mask several others, and 
this fact must especially be borne in mind when a substance 
is present in apparently the same concentration throughout. 
A curve may rise, but small amounts of a substance reckoned 
in with it may really be descending. Again, straight lines 
tOAf sometimes be the resultants of equally vigorous anabolic 
hnd katabolic processes. Yet we must hope that in time it 
yfm be possible to unravel all such obscure relations. 
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Perhaps it is somewhat difficult to say how universal in 
application are results drawn from the incubating egg. To 
say that because a certain synthesis goes on in the egg, it 
probably also goes on in the adult animal, is an assertion 
possibly a little rash. When it is remembered that the eggs 
of warm-blooded animals behave during incubation as if they 
were cold-blooded, we are reminded that great differences do 
exist between the two states, the egg and the adult. 

The injection method of Tomita promises most interesting 
results. That eggs which have been injected with various 
substances will still go on developing normally, is in itself a 
discovery of no small interest. 

And in the effects of the injection of metabolites on the 
shapes of the curves of others, we have indeed a wide field 
of investigation. Probably work of this sort will throw much 
light on what, when, and how, the embryo absorbs. 

The incubating egg can, of course, be considered from the 
morphological, the physiological, and the biochemical stand- 
points. It was the morphologists who were first in the field, 
and the results of their labours cannot be too highly praised. 
Yet it must be admitted that their data are not so useful to 
the " Embryochemist ” of to-day as they might be, because 
the embryologists were all histologically minded, and, with 
few exceptions, disinclined to use Qther instruments than the 
microscope. The embryo ceased to interest them after the 
tenth day. Once the primary form of the animal was laid 
down, its subsequent development was a merely anatomical 
question. But what the chemist would like to know would 
be the weights of all the organs from the tenth day onwards, 
since he has found that the most marked chemical changes 
take place towards the end of incubation. 

When the embryologist declined and fell, the physiologist 
took over the egg. The work of Tangl, Bohr, Hasselbalch, 
and Krogh on the gaseous exchange and heat production of 
the e^g has certainly proved most useful. But though this 
domain is by no means nearly exhausted, it is time that the 
chemist came into his own. At least, in the writer’s opinion, 
the future in this matter lies with the biochemist only, and with 
biochemical methods of investigation. Nor is this a unique 
phenomenon, for if, as many believe, the whole domain of 
Medicine itself is bound in time to become applied bio- 
chemistry, it will hardly be siu*prising if Embryology suffers 
a similar beneficent change. 
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SOME CAUSES OF A C, POPULATION. 

By Prof. E. W. MacBRIDE, F.R.S., D.Sc., 

Chadmck Lecture delivered at the Royal Society of Arts, May % 1934. Published by 
kind permission of the Chadwick Trustees 

In selecting a zoologist to give a lecture for the Chadwick 
Trust, the Council gave evidence of a desire to have the sub- 
ject of public health dealt with from a broader point of view 
than would be possible if one were to limit oneself exclusively 
to the consideration of purely human data. 

The advantage which the zoologist possesses above the 
student of medicine is that whereas both are researchers in the 
field of biology, the zoologist can subject his hypotheses to 
the test of experiment and can standardise the conditions of 
his experiments, whereas the medical man must draw conclu- 
sions from sporadic observations and from statistics — ^you must 
not therefore consider that I am wandering from the subject 
of hygiene if I deal with such creatures as gold-fish, newts, and 
toads. The laws of life are the same for all the higher animals, 
and the effects of evil surroundings on the growth and activi- 
ties of the lower vertebrates throw a startling light on the 
conditions which cause the poor stunted human beings whi^ 
fill our slums. 

The phrase, “ C, population,” became familiar to us all 
during the closing months of the Great War. After we had 
exhausted the pick of young manhood, the A men, and 
had even depleted our reserve of men of ordinary ability but 
not first-class physique, the B men, we had to fall back on 
the residue who were neither mentally nor physically fit, and 
these were denominated the C class and the lowest grade of 
these were pkced in the Cs division of this class. My friend, 
Dr. Austin Freeman, the author of that important book SocuU 
Decay Regeneration, has introduced the term ” sub-man ” 
to describe the C, people, a name suggested by the correlative 
term ” superman ” employed by Nietzsche and his followers 
for the type represented by those individuals of superiOT 
strength and ability who, according to him, should alone pet^ 
petuate the race. Dr. Austin Freeman, who, during part 
of the WM, was charged with the medical examination of 
the recruits, had ample opportunities for observing the 
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Q class, and this is haw he describes the “ sub-man ” : 
** His mental condition is generally rudimentary. He is 
quite unable to take in a general idea even of the simplest 
kind. Since propositions remain in his mind separate and 
unconnected, he is practically unable to reason, and is 
insusceptible to demonstration or proof. The sub-man’s 
vocabulary is extremely limited, he is ignorant of the 
meaning of quite ordinary words. He tends to speak with 
abnormal rapidity and to articulate imperfectly, and he seems 
to be unable to control this tendency. He is quite indifferent 
to noise, but is usually quite devoid of musical faculty. He 
has a rudimentary conception of cleanliness. He cannot be 
induced to keep dirty hands away from wounds or sores. He 
is usually quite helpless and unhandy, and has as a rule no 
skill or knowledge of handicraft or knowledge of any kind. 
Contrasted with him the negro is rather sprightly and hu- 
morous. The negro has some traditional knowledge of religion, 
myths and folk-lore, and some acquaintance with native music. 
He is handy and self-helpful, can usually build a house, thatch 
a roof, obtain and prepare food, make a fire (without matches), 
spin yarn, and can often weave cotton cloth and make and 
mend simple implements, and physically he is robust, active, 
hardy, and energetic*" 

Dr. Freeman concludes that the sub-man represents a 
" throw-back ” to a far more primitive evolutionary level 
than that represented by the negro. In this conclusion I db- 
agree profoundly with Dr. Freeman. The sub-man is not a 
throw-back at all — at no period in the evolution of our race 
were our ancestors represented by such worthless, helpless 
creatures ; if at any time individuals like these had turned 
Up they would have been ruthlessly cleared off the earth by 
natural selection. For, as Dr. Freeman himself points out, 
the sub-man is incapable of supporting himself without help 
from his fellow citizens. “ It is he," says Dr. Freeman, " who 
has made Collectivbm possible, it b he who, when it is fully 
established, will enable it to accomplbh its mbsion of racial de- 
gradation and annihilation." The sub-man b a pathological 
defective ; he b a reckless reproducer of hb species and he always 
breedb hb like. In fact, what Dr. Austin Freeman calls the 
" sub-man " the American sociolo^ts term the " moron." 

Hie moron b a mental detective, but he b a mental 
defective of a comparatively high grade, and precisely therein 
lies his danger to society. The grade of mental defect b 
deffnod by the extent to which the mind has expanded when 
IMwth hM ceased. Two French doctors, Messrs. Simon and 
Ittnet. after years of experimentation with the elementary 
School children of Paris, succeeded in devbing a series of 
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tests, arranged in steps of increasing difficulty. A normal 
child of a year old can accomplish the tasks of the lowest 
step, one of two years old those of the next step, and so on. 
If therefore an adult moron can only perform the tasks which 
can be accomplished by a normal child of eight he is said 
to be of the “ mental age ” of eight years. Mental defec- 
tives of the mental ages of one, two, and three cannot 
dress or feed themselves : they must therefore be con&ied 
for life in asylums, and are what we call idiots. Although 
they are a burden to the community, they do not procreate 
their species. Those of mental ages of four, five, six, and 
seven can be trained to dress and feed themselves and to 
perform simple tasks under direction, but they are utterly 
unable to maintain themselves by their own labours in com- 
petition with their normal fellows in the world outside. They, 
too, therefore must be maintained in asylums at the public 
expense : they are termed imbeciles, and are prevented from 
reproduction. But people of the mental ages eight, nine, and 
ten have just enough intelligence to be able to support them- 
selves in the lowest paid and least skilled occupations ; it is 
they who constitute our Cj class. 

The application of the Simon and Binet tests to the 
delinquents brought before the magistrates in America has 
revealed the fact that a very large proportion of the criminals, 
habitual drunkards, and prostitutes are morons. Mental 
defectiveness, in a word, is exhibited by want of self-control 
as well as by want of intelligence, and self-control is the basis of 
all morality. Want of self-control is seen not only in inability 
to r^ist the lure of drugs, as in the case of the drunkard, 
but in the tendency to give way to' temptations of all kinds, 
and in the want of power to resist passionate impulses. 

It is a matter of cardinal importance to discover whether or 
not mental defect is hereditary. This problem has been solved 
by Dr. ^ddard, a distinguished alienist who was attached 
to the Vineland institution for the care of the mentally defec** 
tive in New Jersey. Dr. Goddard trained a series of observers 
who co-operated with him for some time in the institution 
and learned his methods and were then sent out to seek out 
and become acquainted with the relatives of the children 
who were in the institution. In this way charts were con- 
structed showing how many relatives of the afflicted child 
were of nori^l mentality and how many were obviously men- 
tally defective. In (^es of doubt blanks were left in the 
chart. ^ Normal relativres were indicated by the letter N, 
defectives by black marks. The chart was revised at intervals 
of years by different observers and in no case was it found 
by later observers that their predecessors had underestimated 



SOME CAUSES OF A C, POPULATION 89 

the number of mental defectives amongst the relatives of the 
child. In all cases it was found necessary to “ blacken the 
chart.” Dr. Goddard found (excluding doubtful cases) 482 
children each of whom was the offspring of two mentally 
defective parents. Practically all of these children (476) were 
mental defectives. Where one parent was mentally defective 
and the other parent had mental defect in his or her ancestry 
about one-half of the children were mentally defective. Now 
if mental defect be regarded as a “ mutation,” that is, an ab- 
normality which is ” recessive ” to the normal condition, and 
is inherited according to the Mendelian rules of heredity, these 
figures are exactly what we should expect. For when a hybrid, 
which has the appearance of the normal, is mated with the 
recessive, half the offspring are recessive, and when two reces- 
sives mate with each other all the offspring arc recessive. It 
might perhaps be objected that Dr. Goddard found that six 
children both of whose parents were defectives were normal. 
But these exceptions prove nothing. Mentally defective women 
are usually immoral, and these six children were probably 
the result of the adultery of their mothers with normal men. 
Goddard cites one case where two mentally defective parents 
had a family of eleven children, nine of whom were mentally 
defective. Two were normal, but these two were black. 

Having identified our Q men with high-grade mental 
defectives and having learnt that the condition is hereditary, 
we now approach the central problem with which we have to 
deal, viz. the original causes of mental defect. That it is not 
due to the atavistic cropping out of a primitive condition of 
affairs we have already seen. The case of the negro bastards 
just mentioned is sufficient to negative this suppiosition. 
Various causes have been suggested — sometimes, indeed, dog- 
matically asserted by emotional social reformers. Of these the 
most important are syphilis in the parents and intemperance 
of the parents. Now Goddard’s observations throw light 
on both these supposed agents. If we divide the parents of 
mentally defective children into two groups, those infected 
with syphilis and those free from this taint, we find that these 
groups are equal in numbers ; or, again, if we take syphilitic 
pm^nts, we find that only a small projj^rtion of their chil- 
dren me feeble-minded. These figures seem to show that 
syphilis of the parents has no bearing on the mental condition 
of their offspring. The same result follows if we examine the 
children of alcoholic parents. Some of them are feeble-minded, 
but an eoual number are quite normal. But alcoholism appears 
often to be not the cause but a symptom of feeble-mindedness. 
There are, as Goddard points out, two classes of people addicted 
to alcohol : (i) normal people who have fallen into drinking 
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habits ; these, if they become seriously alarmed at the results 
of their indulgence, can become completely reformed ; (2) men- 
tally defective people ; these will re^nt many times witn tears 
and will sign the pledge every week, only within a week to 
relapse into drink again. 

Mental defect, as we have seen, behaves as a Mendelian 
recessive. If we examine the conditions under which other 
recessive variations turn up, we find that wherever plants are 
cultivated or domestic animals bred in large numl^rs occa- 
sional aberrations make their appearance and these variations, 
when crossed with the type, behave as recessives. Thus, in 
the most famous case of all, Prof. Morgan and his pupils have 
bred over a million specimens of the banana-fly. Drosophila 
melanogoster, and amongst these at least 300 abnormal speci- 
mens have appeared. These variations, when compared with 
the type, are all defectives ; in most cases the eyes or the 
wings are imperfectly developed. The obvious suggestion is 
that there is something' in the conditions of overcrowding and 
confinement which causes the defective aberration to appear. 

This idea has occurred to many biologists, and I now wish 
to describe the way in which it has been followed up by one 
distinguished researcher, Gustav Tornier, whose work has been 
overlooked almost as much as was that of Mendel when Men- 
del's results were first published. Tornier was led to examine 
the history of the various varieties of goldfish and the con- 
ditions under which they had made their appearance. No 
animal has presented more numerous or bizarre variations. 
Thus, fish with two tails side by side are known : others occur 
with enormously long dorsal and anal fins — ^fins which are 
flexible with drooping ends, for which reason their possessors 
are termed Veil-fish. In other varieties the dorsal or a n a l 
fins, or sometimes even the tail fin, may be absent and the 
body is small and rounded. The eyes may bulge like tele- 
scopes, or the skin of the head may be puffed out or may 
project backwards in a fold like a hood, and this fold may be 
reversed. The scales may be absent and the well-known red 
colour may grade into silver or white, or the animal may be 
ffecked with patches of colour (the so-called tiger pigmenta- 
tion). These modifications are hereditary, and the most str- 
ing of them have been perpetuated as strains by the breeders. 
Moreover, when crossed with each other the offspring appear 
to follow the laws of Mendel. Now Tornier found that the 
original home of all these goldfish was China, where they had 
been cultivated for hundreds of years. It is true that many 
wonderful varieties are imported firom Japan, but the Japanese 
writers are explicit on the point tl^it all their goldfish 
originally from China. The wild ancestor of all these fish 
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is Carassius auraius, a very ordinary grey carp which is found 
wild in the rivers and streams of China. This fish is normal 
in all respects. It has moderate-sized and normally placed 
dorsal, anal, and caudal fins. Its body is long and well deve- 
loped, the eyes and skin of the head are normal, and the colour 
is the usual grey passing into silver below of most river fish. 
According to Chinese writers the goldfish was discovered about 
A.D. 1200. By this discovery is obviously meant that speci- 
mens showing the golden red colour turned up then. These 
attracted the attention of fanciers, and became popular, so 
that large numbers were bred and amongst them the other 
varieties made their appearance. 

Now Tornier was struck by the unhealthy conditions 
under which the Chinese kept their goldfish. In winter these 
are kept in small earthenware pots ranged by hundreds on 
shelves in dark, insanitary huts. In summer they are kept 
out-of-doors in small, dirty tanks overgrown with weed, and in 
these tanks they spawn. A large proportion of the spawn 
dies, but the residue which survives gives rise to fish amongst 
which many abnormal specimens make their appearance. The 
abnormalities are of all kinds and of every degree of intensity ; 
the most striking are selected by the dealers and used to 
propagate the “ fancy ” races. In breeding these races there 
IS always a good deal of reversion towards the normal type ; only 
a small proportion of the offspring show the " fancy "points in 
high degree. By rigorous selection carried on through several 
generations the amount of reversion may be very much reduced. 

It occurred to Tornier that the evil conditions under which 
the early development of these fish was accomplished were 
responsible for the formation of these abnormalities, and he 
formed a theory as to how the abnormalities were brought 
about. This theory may be termed the hypotheses of germ- 
wealKning. By the deprivation of light and oxygen, the 
most active part of the egg is weakened and its vital enei'gy 
or impetus to development {Vilan vital of Bergson) is lessened. 
This loss of energy shows itself in two ways. First in the 
slowing of development, and secondly in the failure to rege- 
late the intake of water. DavenTOit and Parker showed long 
ago that the principal factor in the early stages of growth was 
the absorption of water. This was determined by finding the 
successive increases in weight in tadpoles during the first six 
weeks of their life, and in discovering what proportion of 
these increases were augmentations of the " dry ” weight. 

In a fish's egg the embryo is developed from a patch at one 
side of it ; the rest of the egg forms a bag contain!^ a store 
of food-material termed yolk. As the embryo grows it becomes 
coiled round the egg. Eventually the whole of the yolk is 
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absorbed by the developing blood-vessels and used as food 
by the growing embryo. 

Now, when the embryonic area is weakened, this intake of 
water is no longer controlled, and the yolky area becomes 
greatly swollen by absorption of fluid. Further, the natural 
cavities of the developing body, such as the mouth, the gill 
cavity, and the abdominal cavity, become engorged with water. 
The swollen yolk-sac opposes an obstruction to the elongation 
of the principal axis — that is, of the vertebral column of the 
embryo. This column, which is normally slightly concave 
upwards, becomes horizontal and even convex, and the fish 
appears short and plump, with a protuberant abdomen. 

The fins are essentially folds of skin. If the area from 
which the fin is developed is put on the stretch by the swelling 
of the region below it, then the fin grows to an abnormal length, 
as in the case of the dorsal fin of the veil-fish, or comet-fish. 
If, on the contrary, this area happens to be compressed by the 
pressure of swollen yolk situated next to it, then the fin may 
be reduced in size or even absent, like the anal fin of the lion- 
head. Even the tail-fin itself may occasionally be absent. 
The tail-fin is normally formed by the coalescence of right 
and left rudiments. In many of these germ-weakened gold- 
fish part of the swollen yolk becomes intruded between the 
paired rudiments and separates them, and so a double tail-fin 
is produced. Sometimes the lower lobe of the tail is doubled, 
whilst the upper lobe remains single. 

In a normally vigorous embryo movement begins at an 
early period of development. This movement distends the 
membranous egg shell and provides more room for the blows 
of the embryonic tail. But in a getm-weakened embryo move- 
ment is sluggish and the distension of the egg-shell does not take 
place, and so the elongating fins become pressed against this 
membrane and their tips bent, and so the drooping appearance 
which has given rise to the appellation “ Veil-fish ” is produced. 

We have already mentioned that the mouth cavity becomes 
swollen with water. This swelling tends to buckle up the roof 
of the mouth and in particular the mesethmoid bone which 
forms the support of this roof. In this way the characteristic 
short round head of the fancy goldfish is produced. In the 
breed termed the “ Lion-h^d,” whilst the bony framework of 
the skull is shortened in this way, the skin covering the head is 
not affected, and so the skin, being longer than the case over 
which it is stretched, becomes wnnkled and folded so as to 
present the appearance of a series of blisters. In extreme 
cases this skin may be folded back firom the neck region like 
a turned-up collar. 

The cavity of the eyeball is a space enclosed between the 
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lens of the eye and the concave retina, which is an outgrowth 
from the brain. In certain breeds this, too, becomes swollen 
with imbibed water. As a consequence the eyes protrude till 
they become tubular, and the name “ Telescojje-fish " has l^n 
bestowed on this variety. When these eyes are examined 
microscopically it is found that the retina which clothes the 
interior of this enormous eye-ball is very thin and has evi- 
dently been subjected to extreme tension. Indeed, over large 
regions of the inner surface of the eyeball it is absent, so that 
the larger eye is not correlated with increased powers of vision. 
The brain cavity in this typ)e of fish is distended with water, 
and the right and left hemispheres, which should be in contact, 
as also the right and left optic lobes, are widely separated by 
the enlarged ventricles. 

Lastly, the germ-weakening accounts for the characteris- 
tic colour of goldfish. The wild Carassius, like the majority 
of river-fish, is grey above, merging into silvery-white below. 
Now in the weakened germ, when the yolk is swollen by the 
absorption of water, a portion of it becomes coagulated and 
is thereafter impervious to the liquefying ferments of the 
embryo. This useless portion is ejected through the anus. 
But this lessening of the nutritive reserves of the developing 
animal makes its effect felt later on. When there is no more 
yolk available and the development is not complete, the 
embryo falls back on the tyrosin which is universally present 
in the skin-cells. It is this tyrosin in the normal fish which, 
by becoming oxidised into melanin, gives rise to the character- 
istic grey colour. But when this material is utilised as food, 
the oxidation process may be stopped at any stage and every 
colour grade from dark red to white can be produced. 

Such, then, is Tornier’s theory of the origin of varieties 
in the case of the goldfish. The first question which arises in 
the mind is, what evidence has he brought forward in favour 
of it ? The answer is that he has been able to produce experi- 
mentally quite similar aberrations in the embryo of newts, frogs, 
and toads, by subjecting the eggs to darkness and the lack of 
Oi^gen for periods varying from 2 to 24 hours after they were 
laid. ^ In the case of that large newt, the axolotl, he used 
solutions of 10 per cent, of sugar for i to 2 days ; in the case 
of the eggs of frogs, solutions of 25 per cent, of sugar for shorter 
neriods of 4 to 8 hours. Too long immersion in these fluids 
Killed the eggs. 

1 have repeated Tornier’s experiments with the tadpoles 
of frogs in my own laboratory and have confirmed his results. 
I obtained sluggish tadpoles with protuberant abdomens and 
imperfectly developed tails. Tornier gives figures of axolotl 
emtayos showing the shortening of the principal axis by the 
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protuberant yolk. Some of these he succeeded in rearing to 
the larval stage. The abdominal regions of these larvse were 
round and protuberant : when they were dissected it was 
found that the abdominal cavity was swollen with water which 
had pressed on and impeded the growth of the liver, lungs, 
and alimentary canal. 

In support of his theory as to the production of colour 
Tomier performed experiments with the eggs of the spade- 
foot toad (Pelo bates). By stabbing these eggs with a fine 
needle in an early {leriod of their development he caused the 
loss of a considerable quantity of their yolky contents. When 
these eggs developed into larvae, these, instead of showing the 
normal brown colour of tadpoles, exhibited various shades of 
red merging into light lemon yellow. 

Of course, an objector will at once answer that these ex- 
periments all referred to effects produced in the first genera- 
tion, and that no proof was adduced to show that they could 
be inherited. This is no doubt partly true ; few realise the 
enormous lapse of time required to carry out breeding experi- 
ments on aninials such as these. To rear a newt or a gold- 
fish to maturity from the egg requires at least four and often 
five years. But a pupil of Tornier’s, Milewski, has performed 
experiments which indirectly show that these aberrations are 
inherited. Milewski chose two veil-fish in which the fins 
were moderately elongated. Under ordinary circumstances 
these fish produced a brood lo per cent, of which showed the 
mark of the " fancy,” namely, very high dorsal fins in marked 
degree ; the remaining 90 per cent, consisted of fish which 
exhibited every degree of development of the dorsal fins rang- 
ing from tall to normal. The same parents were allowed to 
breed again, but this time they were conned to a tank over- 
grown with water plants and kept in the dark. Under these 
circumstances the oxygen content of the water was reduced 
in extent. The eggs, after being laid, were allowed to remain 
for a week under the same conditions and were then transf* 
fewd to well-aerated water. These eggs developed into }roung 
mh 90 Mr cent, of which had extremely tall fins — were, in 

** fancy ” and 10 per cent, of 
which were constituted by various grades of reversion to thct 
normal. If the tall fin were due, as Mendelians would suppose, 
to some " gene ” unalterable by the environment whicn was 
earned by only a certain percentage of the germ-cells, 
then It IS totally inexplicable why the stinting of the germ- 
cells of oxygen should alter the number of ” carriers” itom 

^ ^ ^ M**®wski reared some of this later brood 

of nsh for three yeare, when the Great War supervened and put 
an end to his experiments. Before this time, however, certaiii 
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of these fish began to exhibit a monstrosity which was not 
Ibund in either parent, viz. the telescopic bulging of the eyes. 
I^is, as we know, is an inheritable variation, and it had ob- 
viously been produced in this breed by an increasing amount 
of germ-damage. 

Apart altogether, however, from Milewski’s experiments, 
the objectors to Tornier’s conclusions must face the following 
dilemma. Admittedly the originators of the various breeds of 
goldfish have " cropped up ” in the cultures of the Chinese 
breeders who keep their fish under insanitary conditions. 
When these conditions are artificially reproduced and the eggs 
of other animals subjected to them, the embryos which develop 
from these eggs show precisely the same type of aberration as 
is exhibited by the fancy breeds of goldfish. Is it seriously 
maintained that the abnormalities of goldfish have occurred 
by “ chance " and are therefore inheritable ; and that the 
similar variations in tadpoles produced under the same circum- 
stances are purely environmental and non-inheritable ? We 
believe that no reasonable person would endorse such a con- 
clusion. We must, I think, agree with Tornier that what is 
inherited is not a gene or “ determiner ” for a specific factor, 
but a grade of germ-weakening and that the abnormal struc- 
tures which appear are the result of it. Tornier goes on to 
point out that, once one learns to recognise the characteristic 
stigmata of germ-weakness, one can observe them throughout 
a wide range of domestic animals. Thus, for instance, he 
shows that if we compare the skulls of the Yorkshire pig and of 
the wild boar we see in the former the characteristic shorten- 
ing of the face and buckling up of the facial bones which is 
so clearly exhibited by the breeds of goldfish. He points out 
that domestic pigs are kept in dark, filthy sties full of manure, 
whilst the wild pig brings up its young in the open. The 
mammalian egg, it is true, has no yolk, but draws all its 
nourishment from the maternal womb ; but it develops into 
a vesicle filled with fluid, and the embryonic p)ortion is closely 
invested by a membrane termed the amnion, ^tween which 
and the embryo itself there is an accumulation of fluid. It is 
obvious that we have all the conditions necessary for the 
^duction of excessive pressure and of all the evil results that 
now from it in the case of germ-weakening. No one can see 
what goes on in the developing mammalian embryo, but the 
etttiHTo of the bird is more accessible to observation, A hen’s 
tor instance, can be kept alive in an incubator and by 
making a suitable window in the shell we can see something 
of the embryonic processes which are proceeding. If we do 
tms ^ find that when the amniotic investment has been com- 
]p3etea' the embr 3 ro begins to carry out a series of rocking 
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movements, the result of which seems to be th6 enlargpement 
of the amniotic space so that the amnion no longer clings closely 
to the embryo, just as the tail movements of the goldfish 
embryo distend its egg-membrane. We are fully entitled, I 
think, to assume that similar movements are carried out by the 
developing mammal and lead to similar result. 

There is a type of mental defective termed the Mongolian 
idiot which crops up repeatedly amongst the offspring of our 
slum population. These unfortunates have received their 
name from the superficial resemblance which they exhibit to 
typical members of the Mongolian race. Now, it has been 
pointed out that the skull of the “ Mongolian ” exhibits a 
characteristic shortening, like that of the “ fancy ” goldfish, 
and that this shortening may plausibly be attributed to ex- 
cessive pressure during the early stages of growth from a too 
closely adherent amnion. 

Before we pursue the question of how far other human 
abnormalities may be due to germ-weakening, we must touch 
on the question as to whether a germ once weakened is irre- 
trievably damaged. According to Tornier, if the animal 
which has developed from such a germ be removed to healthy 
surroundings a certain amount of recovery is possible amongst 
a certain proportion of the offspring, and this recovery takes 
the form of a reversion to type. Thus, the fancy strains of 
goldfish, when bred from, always give rise to a certain proportion 
of offspring approximating more or less closely in resemblance 
to the normal type, and it is for this reason that, in perpetuating 
these breeds, such rigorous selection is called for. Morgan, who 
has bred hundreds of thousands of the banana fly, Drosophila 
melanogasier, and who has discovered hundreds of “ muta- 
tions,” has recorded several cases when frequent '* mutations 
backwards ” occur. These “ mutations backwards ” are re- 
turns to the normal. In the case of our domestic plants such 
" throw-backs ” towards the wild ancestor are known as 
" rogues,” and are ruthlessly hoed out. 

Several cases are known where domestic animab have 
become feral — ^that is, have run wild. In all these cases — 
such as those of the mustang ponies of North America and the 
dingoes of Australia — ^there has been a marked approximation 
in size, proportions, and colour of the feral race to the wild 
ancestor. It is often casually assumed that this is due to the 
natural selection of chance variations in the direction of the 
normal ; it seems a great deal more probable that not chance 
but germ-recovery has been the cause of the reversion. 

Now, quite independently of Tomier and without a|>pa<» 
rently any knowledge of hb work, another writer has arrived 
at very simibr conclusions ; thb is Dr. Murk Jansen, who hae 
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examined human abnonnalities. What Tornier calls “ germ- 
wealcening ’’ Jansen calls “ feebleness of growth." He lays 
down three principles, viz. (i) feebleness of growth is propor- 
tional to the intensity of the nocivity (noxious agent) ; (2) 
feebleness of growth is proportional (in the damage caused) 
to the rapidity of the growth of the individual and of its parts, 
and (3) feebleness of growth is characterised by enhanced irrita- 
bility and enhanced fatigability. Jansen points out that when 
we examine the physical condition of the members of large 
families who have been born at short intervals from the same 
mother, we find, as we proceed from the elder to the younger, 
increasing signs of " feebleness of growth.” Not only does the 
weight fall below that proper to the age of the child, but so 
also does the height ; the abdomen tends to be protuberant, 
not owing to the deposition of fat, but owing to the flaccidity 
and feebleness of the muscles. The symptom of “ knock- 
knees ” also makes its appearance. This is due to a lessened 
l^owth of the cartilages tipping the bones which take part 
in forming the knee-joint and which have to bear the pressure 
of the weight of the body. In the normal child these carti- 
lages respond to the growing pressure by enhanced growth, 
but in the germ-weakened child diminished growth occurs and 
the leg becomes crooked. 

In several such families examined by Jansen there is a 
break in the continuity of progressive degeneration as we 
approach the youngest child. Two causes have been detected 
for this. In one case two children in the series died in infancy ; 
their early deaths relieved the mother of the labour of nursing 
and rearing them through their first year of life, and she thus 
recovered strength to meet the demands of the pregnancy 
which resulted in the birth of the next surviving child. In 
another case the mother was attacked by appendicitis in the 
sixth month of hCr pregnancy and had to remain in bed for six 
weeks. As a result of this rest the child when born exhibited 
little feebleness of growth, and was, in fact, nearly normal. 

Rickets is regarded by Jansen as an extreme instance of 
feebleness of growth. He divides the degrees of feebleness of 
growth into three stages, which he defines thus : (i) the type 
with weakness of muscle and enhanced body-heignt (outgrow- 

strength), for, as he points out, the muscles are the tissue 
which normally show the neatest increase in bulk ; (2) 
the type of average height with muscle-weakness and knock- 
lixiees j (3) the type of diminished height and thickened, 
(^vea cartilages. This last grade is marked by general 
t^minished energy ; the child does not walk at the proper 
sometimes not until it is five years old. The thickened 
ctmlage does not imply increased growth of that tissue, but 

7 
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delay and impeding of the process of ossification which ooniiietts 
this cartilage into bone. In fact, in the development of this 
cartilage there are three factors, viz. (a) cell division, (6) cell 
enlargement, and (c) cell transformation. The last factor is the 
one that is most susceptible, so that cell-jgrowth and cell-enlarge- 
ment continue when cell-transformation l^s been entirely 
checked, and so the cartilage increases in thickness. 

The production of new genital cells goes on throughout life 
in the male, but ceases at birth in the female. Hence noxious 
agents have a special influence on these cells, and Jansen 
attributes a considerable amount of the slighter degrees of 
feebleness of growth observable among the children of the 
families of North European peoples to over-indulgence in 
tobacco on the part of their fathers. Jansen now leaves the 
consideration of general germ-weakening which affects the 
growth of the whole body in greater or less degree and pro- 
ceeds to consider germ-weakening in the early stages of deve- 
lopment, which, as in the case of gold fish, may affect particular 
organs of the body by causing local pressure. He distinguishes 
in this process the following factors, viz. : (i) Ischsemia, t.«. 
lessened blood supply to the developing part ; (2) dwarfing 
or death of the affected part in consequence of diminished 
blood supply ; (3) the most marked dwarfing is seen in the 
parts which grow fastest. 

Now, the cavities in the growing embryo are principally 
two, viz. the general cavity of the swelling egg or blastoder- 
mic vesicle, which may be termed the chorionic cavity and the 
amniotic cavity which lies between the amnion and the embi^. 
The embryo, invested by the amnion, hangs as it were down 
into the chorionic cavity, and increase of pressure in this would 
act on the body as a whole. Henre the pressure which in- 
duces local malformations must proceed from the amnion, 
and Jansen goes on to show that according to the time at 
which that pressure acts is determined the kind and eictent 
of injury produced. He gives reasons for supposing that the 
ai^otic pressure may only last for a short time, but that 
this brief duration is sufiicient to cause permanent injury to 
the embryo. After an interval the amnion responds to the 
stress of the growing tissues by yielding and the pressute 

? asses off. Thus, to pressure in the third week of foetal life 
ansen attributes " anencephaly,” ».«. the complete absence 
of a brainy which sometimes occurs in monstrous infants* To 
pressure at the same period but of lesser extent may be per- 
haps attributed “ microcephalous idiocy," in which the hinhi 
and skull are abnornully small. We have already seen tlu«lt . 
*' Mongoloid idiocy " is due to pressure ; and Jansen estimafei 
the ^ at which it takes place at about eight weeks. Tlfe 
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resemblance to the Mongolian skull which the name implies 
is enhanced by the breadth and flatness of the nose. This is 
due, as Jansen shows, to the disappearance of the nasal bones 
owing to antero-posterior pressure and their compensatory 
replacement by processes from the frontal bones. Still later 
the limbs begin to grow in length and amniotic pressure at 
this period impedes their growth, so that when ossification 
begins the epiphysis very early unites with the long bone 
and short legs and arms — in a word, dwarfism results. This, 
termed “ achondroplasia,” is almost always accompanied by 
curvature of the spine, a phenomenon which bears direct 
testimony to the existence of unusual pressure at the time 
when the deformity takes its origin. After the limbs have 
elongated almost to the full length which they attain in the 
embryonic condition amniotic pressure may still occur. In 
this case it affects the growths of the fingers and toes, causing 
them to assume a peculiar blunt shape, but this modification 
is often accompanied by other deformities. Thus, the shoul- 
• ders may be pressed forwards, the clavicles buckled up, and 
their growth so impeded that they may be wholly resorbed 
or disappear, and the sides of the chest may be flattened. 
These abnormalities are spoken of as " Cleedo-dysostoses pres- 
sure at a still later period may cause infantile dislocation of 
the hip joint and club foot. 

So far we have spoken of the results of direct amniotic 
pressure ; but, as in goldfish, so in man, the germ-weakening 
may lead to a distension of the natural cavities with water. 
Thus, side by side with the microcephalous idiot in which brain 
and skull are stunted, we find the so-called hydrocephalous 
forms with enormous skull and brains which are superficially 
large but which prove on examination to owe all their size to 
the accumulation of fluid within the brain cavity. In extreme 
cases the hemis’pheres of the brain are reduced to thin shells 
^d the characteristic layers of nerve-cells are suppressed. 
Tnere is, however, another type of defective with a large head 
— ^but in this type the brain is apparently large and solid, 
nevertheless microscopic examination shows that it is made up 
chiefly of supporting (glia) cells which have increased enor- 
mously in amount, whilst the number of nerve-cells has re- 
nmined small. In this case the weakness of growth has affected 
different groups of cells in different degrees. 

If we now endeavour to sum up the results of our survey 
^ the causes of defect both mental and bodily in man and 
other wimals, we find that they can all be subsumed under the 
fenei^ heading of Germ-weakbning, and the most important 
piing about this weakness is that, once produced, it tends to 
be hnieditary. Hence it is a matter of the first moment to 
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ascertain the causes of this genn<weakness, and these causes 
resolve themselves into injury or suffocation of the germ in its 
earliest period of development, which impedes its^ power of 
growth and affects the different tissues into which it develops 
in different degrees, so that the harmonious development of 
the various organs is disturbed. When we, however, push our 
enquiries still further back and seek to find out how the 

E rimary injury is brought about, then we must differentiate 
etween animals which lay their eggs, like fishes and amphibia, 
and those which, like mammals, carry them in the womb. 

In the oviparous forms want of oxygen in the surrounding 
medium is the most potent cause so far as has been yet ascer- 
tained, but in a mammal the surrounding medium is the 
mother’s blood, and it is to alterations in this that we must 
look for the principal causes of human germ-weakness. It is 
true that Tomier suggests that, in the case of our domestic 
animals, their dark and insanitary surroundings may have a 
similar effect on the germ-cells as is produced by the filthy 
water in which the Chinese keep their goldfish ; but Jansen's 
work suggests that the blood supply of the mother is also 
prejudicially affected by too rapidly recurring pregnancies and 
by too much work during pregnancy. Apparently her blood 
becomes overloaded with toxic substances, due to fatigue. 
If this be so, we arrive at the conclusion that the causes 
of overpopulation and the causes of the production of a 
Cj population weak in body and mind are one and the 
same, and may be reduced to one, namely, reckless re- 
production, and for this there is one remedy and one 
only — rigid birth-control and eventual sterilisation of the 
unfit. The delusion of the nineteenth century was to place 
all the blame for the imperfections of our slum popula- 
tion on their surroundings. Critical research does not bear 
out this conclusion. Drugs may be contributory causes— thus, 
as Jansen suggests, over-smoking may be responsible for the 
lighter varieties of feebleness of growth ; but alcohol, even in 
excess, does not seem to be a potent cause of t^t particular 
type of degenerate known as the mental defective. It is 
known from the experiments of Stoclmrd that guinea-pigs 
exposed continuously to the fumes of alcohol produced a 
weakeiKd and stunted offspring, defective in eyes and brain, 
which in three or four generations dies out ; but Pearl founa 
that the domestic fowl similarly treated did not yield a similar 
result. In this^ case fewer and more vigorous o^pring are 
produced than in normal fowls. Pearl explains this anomaly 
by sup^sing that the alcohol taken into the parent bird^ 
system Icilb the weaker germ-^lls,andthe more vigorous genn- 
cells, relieved of the competition of their feebler brethren, grbW 
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correspondingly better. It is therefore worthy of note that, 
although Goddard could find no evidence in favour of the 
production of mental defect by the drunkenness of the parent, 
he did find strong evidence that alcoholism tended to increase 
the number of miscarriages and of deaths in infancy, and also, 
when taken in large excess, to produce oflfepring of weakened 
constitution and mental instability. Now these researches of 
Pearl suggest another and still more disturbing question, viz. 
is not one of the potent causes of a Cs population the absence 
of a rigorous natural selection ? 

Bethnal Green is at present the home of one of the poorest 
populations in London. We possess an account of its con- 
dition eighty years ago when it first became a town. Then, as 
now, it was the home of a working-class population, but its 
sanitary condition was frightful. There were no drains, and 
the only supply of water was from wells. All rubbish and 
manure was simply flung into the streets and was raked together 
into dung-heaps, which were cleared away at long intervals by 
an utterly insufficient band of scavengers mostly consisting of 
old men. There were large families and an appalling death- 
rate, yet the survivors constituted a healthy population of 
tremendous vigour. During the* nineteenth century a pure 
water-supply and proper drainage were introduced, yet the 
surviving population is not as healthy now as it was then, 
and the proportion of paupers is just as high. The efforts of 
emotional philanthropists to keep all babies — however feeble 
' — alive at the public expense seem to have undermined the 
general health of the population, whilst they have enormously 
added to the taxes and indirectly helped to reduce the birth- 
rate of the more valuable stocks from the higher strata of society. 

It seems, then, that we are faced with two alternatives, 
either we must revert to a policy of laissez faire, emphasise 
parental responsibility and allow the seed of the unworthy to 
die out, or else, if we are determined to provide free meals, free 
schooling, and outdoor relief, and still wish to avoid the appear- 
ance of a population, then we must take means to properly 
space the births and diminish their number, whilst sterilisa- 
tion must be resorted to in the case of those people whose 
lack of responsibility makes them impervious to public opinion. 
I know that these are unpopular conclusions, but they are 
deductions which seem to me to be forced on every scientific 
man who considers the facts in a dispassionate manner. Is it 
not self-evident that if we eliminate natural selection — ^nature’s 
broom, by means of which she keeps other types of life healthy 
and clean—we must replace it by an equally efficient broom of 
our own ? Till we do so I feel sure that we shall be continually 
encumbered by the problem of a Q population. 
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An historian, in chronicling the events of the past, has two 
primary duties to attend to if his record is to be of any intrinsic 
and lasting value. He must, in the first place, attain an in- 
disputable accuracy in the events of the period with which 
he is dealing, and secondly, and more especially in records of 
a general nature, an historical writer should endeavour to regard 
in a true perspective the period which comprises his studies. 
Again, an historian should not neglect to take into account 
the extent to which, in the inexorable balance of Time, the 
events with which he is concerned are related to the occurrences 
of earlier and later dates. 

More especially is it wise for these precautions to be observed 
in the recording of the history of. any particular branch of 
science. At the present day, the trend of scientific thought 
and invention is very evident, but during the past, a step 
forward in the advance of science has seldom been made witn 
any startling suddenness. Leading up to each discovery in 
the domain of natural philosophy may be traced threacu of 
half-consciotu thought, apparently disconnected, yet upon 
closer examination proving to be intimately related to one 
another, and which in the course of time have combined together 
to make the discovery of the principle upon which the new 
invention is based an almost inevitable occurrence. Gossamo:, 
and apparently broken and interrupted threads these thought- 
filaments may be, yet they represent the continued, if somewhat 
puny, efforts of the human mind to attain the summit of the 
Parnassus^ of Truth. Advances in science and the discovery 
of new principles in natural philosophy have not in the past 
been made by individuals who were actuated by the coin* 
mercial instincts of gain. The intellectual honours whi^ 

toi 
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nrooeed from a new revelation of the workings of Nature’s 
forein have generally accrued only to a small section of humanity, 
striving with the tools of its own forging to unravel the mysteries 
and to penetrate the gloom with which the natural laws have 
been enshrouded. 

Nowhere more than in the science of electricity will the 
above observations be found to possess a greater truthfulness. 
The small isolated band of pioneers who, by rubbing various 
substances together, generated small amounts of frictional 
electricity and attempted to investigate its origin and nature, 
dreamt but faintly of the possibility of applying the newly 
discovered force to turn the wheels of industry and to perform 
the everyday work of the world. To these early experimenters 
the manifestations of static electricity, the phenomenon of the 
" electric fire,” and the wonders of electrical energy were 
merely intellectual curiosities which were regarded in almost 
the same light as the mathematical demonstration of the 
existence of the Fourth Dimension is at the present day. 

Like other natural philosophers, the early investigators of 
electricity were generally individuals who, freed from the 
anxiety and mundane cares of everyday life, and possessing 
a tolerably fair amount of this world’s goods, turned to the 
investigation of the problems of the newly awakening science 
in order to satisfy an inherent intellectual craving, as well as 
to relieve themselves of the utter stagnancy and boredom which 
must have resulted from an over-indulgence in the pastimes 
and recreations which usually attracted the attentions of the 
nobility and country gentlemen of the seventeenth and eigh- 
teenth centuries. Not, of course, that this motive can be 
considered to be the only one which turned the attention of 
intellectual and leisured men to the investigation of experi- 
mental philosophy. A natural curiosity and an inherent desire 
for knowledge made up the chief source of energy which enabled 
them to overcome the tremendous difficulties which beset the 
path of the early philosophic investigator. But at that period 
of the world’s social history it was almost impossible, in England, 
at any rate, to devote one’s life to the patient, toilsome, and 
wholly unrewarded pursuit of scientific knowledge without 
being possessed of a sufficient monetary competence, in addition 
to an unlimited amount of ” philosophic leisure ” and freedom, 
from the everyday cares of the commercial world. Hence we 
find that the greater part of the early workers in natural philo- 
TOohy and experimental science came from a noble stock, or 
belonged to the social class known at that period as the 
*' country gentleman ” section of the community, and that 
they were permanently endowed with a sufficiently ample 
amount of tms world’s goods to allow them to indulge, almost 
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to their fullest extent, their intellectual and philosophical 
desires. 

It is customary to commence a biographical notice at the 
beginning of a man’s life, by duly recording, as a matter of 
fundamental importance, the exact date of his introduction 
to the scene of his terrestrial labours. Let us, however, in the 
case of Stephen Gray, reverse the order of things and state 
in all preciseness the date of his death. That event, which 
occurred during the fortieth year of his life, took place on the 
evening of the i sth of February 1 736, and by it science lost, 
at a too early age, a devotee of extraordinary alertness and 
intellectual clarity. 

Little is known of the life of Stephen Gray. Indeed, the 
date of his birth is not known with any great amount 01 cer- 
tainty. That he was born in the year 1696 appears to be 
without a doubt, but the exact day and month of that year 
on which the event occurred is apparently unascertainable. 
However, as the obscurity in this direction does not influence 
the future works of the man, we shall not deem it a matter 
of importance. 

Born into an age which witnessed the dawn of rising 
inquiries and activities in all directions, Stephen Gray was 
apparently a native of Canterbury, and in all probability he 
received the rudiments of a classical education in the neighbour- 
hood of that city. His profession, however, before he took 
up the study of electrical phenomena is quite unknown. Now 
and again, one may obtain glimpses of the early life and habits 
of the philosopher from occasional remarks which he mal^ 
in the papers published in the Philosophical Transactions about 
his former residence at Canterbury, and the astronomical 
observations and calculations which he made there. The same 
papere sometimes allow us to obtain fleeting glances of the 
relations which existed between Gray and his philosophical 
friends, and more particularly of the numerous visits which 
he made to the house of his able co-worker in electrical science 
— Dr. Granville Wheeler. 

_ Gray has been referred to as the “ Father of Electrical 
Science,” a designation which he justly deserves. His division 
of material substances into ” electrics ” and ” non-electrics,” 
and the pioneer work which he carried out on the subject of 
electrical conduction and insulation, are factors which aided 
to the greatest degree the work of his followers, and which 
eventually culminated in the discovery of the Leyden jar, as 
well as enabling the true nature of lightning and atmospheric 
electricity to be fully understood. 

Before going into the subject-matter of Gray's experimeati 
in more detail, let us for a moment consider the state of 
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electrical knowledge which prevailed immediately before his 
discoveries. The property possessed by amber of attracting 
light bodies when rubbed was very well known to the ancients, 
but it was not until the time of Elizabeth of England that a 
strict inquiry was directed into the nature of the peculiar 
phenomenon. William Gilbert, a Ph5rsician-in- Waiting to the 
Queen, published at the beginning of the seventeenth century 
a treatise ^ on the subject of Natural Magnetism and the 
property of various bodies of taking u pon themselves an attrac- 
tive virtue when rubbed. Such bodies were termed by Gilbert 
“ electrics,” an appellation derived from the Greek word for 
amber. 

Gilbert undoubtedly awakened an interest in the investiga- 
tion of these phenomena, but it was half a century before his 
introductory work on the subject of electrics began to be 
followed by further investigations. Newton and Boyle were 
the next workers who are worthy of any mention. They per- 
formed a few isolated experiments on the subject of frictional 
electricity and on the peculiar ” luminosity " which proceeded 
from certain gems when they were rubbed in the dark. To 
Otto von Guericke, the ingenious Burgomaster of Magdeburg, 
inventor of the air-pump and of several other scientific devices, 
must go the honour of being the first to construct an electrical 
machine. Guericke conceived the idea of whirling a ball of 
sulphur upon its axis by means of a suitable mechanical con- 
trivance, and of collecting electricity from it by the aid of 
the hand or a silken pad. Newton is generally said to have 
followed the Burgomaster’s example, and to have improved 
the machine by employing glass spWes instead of bails of 
sulphur. But the creative force of the great English philo- 
so^er was destined to expend itself in other and more com- 

{ Jrehensive generalisations, and it was left to a much lesser 
ight in the realms of natural philosophy to construct the first 
efficient instrument for generating frictional electricity. Hauks- 
bee, for such was his name, devised an arrangement for rapidly 
rotating glass spheres upon their central axes, and the frictional 
el<»tricity was generated by the contact of the hand or of other 
suitable bodies with the revolving spheres. 

Such was the state of affairs which prevailed before Stephen 
Gray came into prominence. Hauksbee had risen to the 
zenith of his fame as an ” electric philosopher ” — some called 
him a wizard. He had collected considerable quantities of 
firiptional electricity with the aid of his new machine, and 
had performed a few experiments of a random nature in an 
endeavour to determine the properties of the electric force. 
Hauksbee was no theoretical reasoner, and the same 
> D$ MagniU, 1600 . 
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description applies, but to a lesser extent, to Stephen Gray. 
Gray began his investirations into the subject of electricity 
by a recapitulation of the earlier work of Gilbert, Boyle, and 
others, and almost immediately came his ^t generalisation. 
Finding that many substances such as hair, feathers, glass, 
sulphur, etc., could be highly electrified by rubbing, whilst, 
on the other hand, bodies of a metallic nature could never be 
imbued with the electrical influence, his alert intelligence at 
once differentiated between these two classes of bodies, and he 
accordingly divided up all material substances into electrics 
and non-electrics. 

As a source of electrical energy Gray employed a large 
glass tube, 3I feet in length and over an inch in diameter. 
This he closed at both ends with corks “ to keep out the dust." 
The tube was electrically excited by rubbing with a feather 
or with a pad composed of a suitable non-conducting material. 
During the course of the investigations in connection with the 
electrical excitation of the tube, Gray was amazed to discover 
that not only would the glass walls of the tube strongly attract 
light objects, such as leaf metal, when they were placed in 
the immediate vicinity, but that the light objects were attracted 
to the cork and also to an ivory ball which, in subsequent 
experiments, was attached to the end of a 4-foot rod inserted 
into the tube through the cork. The conductable nature of 
the electric force thus became readily apparent to Gray’s mind. 
He suspended the ivory ball from the cork, which was finnly 
fixed into the mouth of the tube, by means of a long line of 
" pack-thread ” — & coarse hempen fibre — measuring 26 feet 
from end to end, and on rubbing the glass tube whilst standing 
on the balcony of his residence he found pieces of leaf brass to 
be strongly attracted by the ivory ball which hung at the 
other end of the line in the area below. 

Having thus conveyed electricity perpendicularly, the next 
probleni was to carry it in a horizontal direction. However, 
the achievement of this feat proved to be more difficult than 
Gray had at first suspected, for on suspending the line of 
pack-thread from nails driven into the beams of the ceilings, 
and upon exciting the glass tube by friction, the leaf brass 
failed under any circumstances to be attracted to the ivory 
ball which was suspended a short distance above it. After 
conferring with_ his philosophical friend, Granville Wheeler— 
whose biographical details, incidentally, are even more scanty 
than those of Gray — ^the following experiments were carried 
out at Wheeler’s residence at Otterden Place during the 
summer of 1729. 

Together with Wheeler, Qray had grasped the important 
fact that the failure of his attempt to carry the electriosl 
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attra^ion in a horizontal direction had been caused by the 
escaae of the electricity into the wooden beams of the room 
at the points where the thick pack-thread was suspended on 
the iron nails. Wheeler had suggested that the electrical 
leakage might be lessened to some extent by the use of 
threads of a thinner material, and eventually his suggestion 
was put into action. On the 2nd of July 1729, “atout ten 
in the morning,” the electrical attractive force was success- 
fully conveyed along a line of pack-thread, 80 feet in length, 
which was allowed to rest upon a series of silken lines placed 
at right angles to it, and attached to the sides of the room.* 
Upon the glass tube being excited, the leaf brass was im- 
mediately attracted to the ivory ball attached to the other 
end of the line. 

The experimenters subsequently attempted to double the 
length of the line through which the attracted force was to be 
conveyed by arranging for its return to the neighbourhood 
of the exciting tube after being led to the far end of the room. 
Under these conditions, although the glass tube and the ball 
of ivory were only separated from each other by a short distance, 
the line of pack-thread which connected them together ran 
from the other end of the room and back, being supported at 
intervab upon cross-lines of silk. But thin silk supports were 
unable to bear the additional weight of the increased length 
of pack-thread, and they broke under the strain of it almost 
before the experiment had been commenced. Thin brass 
wires were therefore used in place of the silken threads, but 
all attempts to carry the electric influence through lines of 
pack-thread resting upon these metallic supports failed signally. 
However, the continued lack of success in these attempts 
broUjp;ht to Gray’s mind a true understanding of the cause of 
the. failure, and allowed him to grasp fully the fundamental 
principles of electrical conduction and insulation. The experi- 
ments were unsuccessful^ Gray reasoned, because the electrical 
influence from the excited glass tube passed off from the 
pack-thread at the points where it rested on the supporting 
brass wires. The lines supporting the thread through which 
thfti electrical attractive force is to be conveyed must be 
composed of a material which is itself an ” electric,” or to 
use the modern phraseology, must be of a non-conductable 
nature. 

Thus, by a process of logical reasoning did Gray success- 
fully master the principles of electrical conduction. By 
strfngthening the silken supports of the pack-thread cable 
he euccessfulfy carried the ” electric virtue ” for many hundreds 

^ Or, rather, the foUwy— « narrow passage which ran from end to 
sad! of the upper atoiies of many houses of the period. 
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of feet in a horizontal direction. As a child delights in the 
manipulation of a new toy, and as an ardent e:i^rimenter 
revels in the fascinations of a new discovery, Gray for a period 
following the experiment described above devoted his entire 
energies to fanciful and spectacular experiments in electrical 
conduction. Up and down the length of the rooms of his 
residence he carried the electric force through pack-thread 
cables resting on insulated cross-supports of strong silken 
lines. Out of the window, down into the garden, and even 
sometimes as far as the neighbouring fields, ran the electrical 
lines of this early investigator, and without a doubt to the 
astonishment of his fellow-creatures. Had Gray realised that 
the pack-thread line was enabled to convey the electrical 
influence solely on account of the moisture which it con- 
tained, and that had it been perfectly dry his experiments 
would have resulted in failure, he might have discovered 
further facts concerning the conduction of electricity 
which, as it was, were left for succeeding investigators to 
find out. 

However, Gray was not content to remain satisfied for 
very long with even the great advance in electrical science 
which he had made. He showed that an electrical attractive 
force could be communicated to the line of pack-thread 
even without any actual contact of the glass exciting 
tube. Here was the great principle of electro-static induction 
discovered by Stephen Gray in 1 729,* and allowed to remain 
unnoticed by many of the subsequent workers in electrical 
matters. 

The experiments of Gray which attracted greatly the popular 
and scientific notice of the times were those by which he 
demonstrated the electrifiable nature and conducting properties 
of the human body. Like the celebrated hero of remote 
antiquity who first consumed an oyster. Gray would no doubt 
have had to display considerable daring at passing, for the 
first time, an electrical charge through the body of a human 
being. Hence an individual of only a menial status was 
enlisted in the cause of science. His own footboy was chosen 
for that honour. This youth, “a good stout lad,” was sus- 
pended horizontally on strong silk lines, and the ” electrical 
virtue ” from the exciting tube was allowed to flow into his 
body. The electrical attractive force was passed from his 
head down to his feet, and also in the reverse direction. It 
was found, under these conditions of insulation, that when the 
electrified tube was presented to the soles of his feet, a t hin 
piece of leaf brass resting on a small stand placed a few ihtdies 
below the boy's face was immediately attracted and repelled 
* Phil. Trans., 1731, toI. xxvii, p. 81. 
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by his cheek. Thus the electrification of the human body was 
accomplished, and it gave rise to a good deal of speculation 
in intellectual circles, while the unlearned of the period indulged 
in wild guesses as to the nature of Gray’s compact with the 
Evil One. 

The electrical experiments of Gray had now attracted the 
fullest attentions of men who were interested in the new science, 
and especially on the Continent did Gray’s investigation 
strike the imaginations of the rising men of science. Du 
Fay, a French experimenter, repeated much of the work of 
the English electrician, and in very many respects fully con- 
firmed the original observations of Gray. 

The success of the experiments in electrical conduction led 
Gray to the investigation of the conductive properties of 
other substances besides linen threads. He discovered, for 
instance, that the “electric effluvia’’ could be equally well 
transmitted through carefully insulated metal rods as it 
could be through lines of pack-thread, and that the attrac- 
tive force which was given to a metal rod by the act of 
rubbing could even be made to show itself in another 
insulated rod, one end of which was separated by a distance 
of a few inches from the extremity of the first rod. Gray had 
^ain unheedingly discovered the principle of electro-static 
induction. 

The phenomenon of a peculiar luminescence which was 
often produced by the attrition of certain bodies in the dark, 
and which was thought to be of an electrical nature, next 
attracted Gray's attention. Pointed metal rods, when rubbed 
in a darkened room, were found to give off a peculiar light, 
which “ extended itself in the form of a cone whose vertex 
was at the end of the rod.’’ Thus, says Priestley in his History 
of Electricity,^ “ This was the first time that this phenomenon, 
which is now so common, was distinctly seen.’’ Gray was 
even able to astonish his onlookers by drawing an electric 
spark from the surface of water. A drinking-glass, filled to 
the brim with water, was allowed to rest upon an insulating 
cake of rosin and was electrically charged by means of the 
excited glass tube. On applying a finger a little distance 
above the water, the liquid rose in the form of a conical pro- 
tuberance, and after a spark had passed between it and the 
finger of the experimenterj the cone of water sulfided, the 
sunace of the water being disturbed by a series of ripples which 
were formed upon it. “ And,’’ observes Gray,* “ although 
these effects are at present but in minimis, it is probable 
in time there may be found out a way to collect a greater 

> Third Edition, 1775, p. 71. 

* PhiL Trans,, 1735, vcd. xxzix, p. 166. 
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quantity of it ; and so consequently to increase the force 
of this electric fire, which by several of these experiments 
seems to be of the same nature with that of Thunder and 
Lightening." 

Here we may obtain an insight into the theoretical reason- 
ings of Gray and his shrewd predilections as to the probable 
developments which would take place in electrical science. 
The observation above quoted is, in fact, the first definite 
postulation of the identical nature of the electric spark and 
lightning. How well Gray’s prediction was confirmed a few 
decades afterwards by Franklin, and how, at an even earlier 
date, Musschenbroek gave to the world the I^yden jar as 
a method of storing electrical energy, are incidents in the 
history of science which are too well known to warrant 
repetition. 

Towards the end of his life. Gray considered that to a 
certain extent he had even mastered the problem of electrical 
storage himself. He was able to maintain spheres and conical- 
shaped masses of sulphur in an electrified state for weeks and 
even months together by placing them on insulating stands 
and covering them with <fry glass vessels, or by wrapping 
them up in blue worsted stockings. The colour of the insulating 
stockings had to be blue, for Gray believed, and indeed in- 
formed a series of experiments in an attempt to show, that 
the colour of a body affected its insulating properties. As 
a result of these experiments upon the capacity of bodies 
for storing up frictional electricity. Gray devised a theory 
which, with a little imagination, may be looked upon as 
containing the first glimmerings of an electrical theory of 
matter. 

He concluded that because of the success of the experi- 
ments, " we have some reason to believe that we have discovered 
tlmt there is a perpetual attractive force in all electric bodies 
without exciting by either rubbing, heating, etc., or any other 
attrition." * 

So much for his experiments. Of the man Stephen Gray 
very little is known, and no biographical account of his life 
has been attempted. Indeed Thomson, the historian of the 
Royal Society, comments on the extreme paucity of detail^ 
particulars of the life of the man " to whom electricity lies 
under such obligations ” as remarkable.* Priestley in his 
History of Electricity gives an account of the electrical exp^- 
ments of Gray, but beyond observing that the individual in 
question was a pemioner at the Charter House, he omits any 
semblance of detailed particulars of the habits and customs 

• PM. Tram., 173a, vol. zxzvii, p. 397. 

■ UiomM Thomaon, HUtory of the Soeieiy, z8zs. 
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of tlM philosopher. The same author, however, assiu«s us 
that no pemon who ever applied to this study [electricity] 
was more assiduous in making experiments or had hb heart 
more entirely in his work.” * 

Rutter, a somewhat obscure writer and experimentalbt of 
the middle of the last century, laments upon the fact that the 
personal detaib of the life and private circumstances of Stephen 
Gray have been allowed to sink, almost beyond recall, into 
the abyss of oblivion. ” Of this remarkable man,” he writes, 
” very little is known. The date and place of hb birth I have 
not been able to discover, nor can I rind any record of what 
was his occupation or profession previous to his becoming a 
resident in the Charter House.” * 

That Gray lived in tolerably affluent circumstances is fairly 
certain. Before taking up hb residence at the Charter House 
and devoting almost his entire energies to electrical researches, 
he resided at Canterbury, the city which was very probably 
hb birthplace, and which saw much of his earlier life. In 
some of hb papers in the Philosophical Transactions, Gray 
refers to his house at Canterbury, and to the astronomical 
observations which it was hb custom to make from the window 
of hb room. Besides these observations, Gray was also greatly 
interested in microscopy, and he invented a peculiar form of 
microscope in which a drop of water was made to act as a 
lens by virtue of its convex surface. The investigations which 
Gray subsequently made with this primitive instrument are 
duly recorded in his papers in the early volumes of the Philo- 
sophical Transactions. 

From some observations made by Desaguliers, an experi- 
menter who took up the study of electrical phenomena with 
great success, it would appear that Gray was a man of great 
exactitude and precision, and by no means amiable in dis- 
l^ition. In a ^per read before the Royal Society in 1739,' 
Desaguliers makeiS the following remarks, which are worth 
while quoting in full : 


” I have hitherto avoided entertaining the Society on thb 
subject, or pursuing it so far as I might have done, (considering 
that I can excite as strong an electricity in glass, by rubbing 
it with my hand, as anybody can) because I was unwilling to 
interfere with the late Mr. Stephen Gray who had wholly 
turned hb thoughts that way ; but was of a temper to give 
it entirely over if he imagined that anything was done in 
opposition to him.” 

' Op. eii., p. 3*. 

* J. O. N. Rutter, Human EUeMeUy, 1834, Appendix xxiv. 

* PM. Tram., Abridged, vol. viii, ^ «. p. 419. 
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Gray's work, however, was appreciated by hfa coatcm* 
poraries, and he was elected to the Fellowship of the Royal 
Society in J732, being formally admitted into the Society on 
the 15th of March of the same year. Du Fay, the French 
electrician, more especially realised the value of Gray’s experi- 
ments, and he applied the principles upon which they were 
based for the purpose of further discoveries, subsequently 
communicating the results of his investigations to the English 
experimenter, who, for once in a way, received them in good 
favour. 

It is somewhat remarkable that Gray and his co-workers, 
Wheeler and Godfrey, did not employ rotating glass spheres 
as a source of frictional electricity. Throughout the whole 
course of their investigations the only method of electrification 
which they made use of consisted of the tedious and rather 
prosaic process of rubbing a long glass tube with the hand or 
with some other suitable non-conducting material. Had the 
workers employed in their experiments the rotating glass 
sphere of Haulebee, they might have stumbled against the 
discoveries which, as it happened, were left for succeeding 
experimenters to make. But Gray was apparently satisfied 
with the use of the glass tube, and it never seems to have 
occurred to him that a more reliable and efficient generator of 
the electric force was easily within his reach. 

Stephen Gray died suddenly, and at a comparatively early 
age. The cause of his death is now unknown and perhaps 
will remain so for ever. Nevertheless, on his deathbed. Gray 
dictated to Cromwell Mortimer, M.D., the secretary of the 
Royal Society, particulars of some experiments which he had 
carried out respecting the motions of small bodies. Here, 
however, the dying man had been, deceived into thinking 
that the force which caused the revolutions which were seem- 
ingly performed by light bodies suspended by a thread, the 
end of which was held between the fingers and thumb of the 
experimenter, was analogous to the energy which is responsible 
for the revolutions of the heavenly bodies in well-defined orbits, 
and that a study of the subject would, indeed, eventuaUy 
disclose a universal electro-gravitational law. He com- 
municated the particulars of his experiments to Mortimer with 
great preciseness, and gave instructions as to the v/ay in which 
further experiments were to be carried out, even going as far 
as to predict the result of such investigations. The following 
day he died, and thus passed from the sight of men, leaving 
a great reputation of being a singularly learned gentleman aM 
a daring experimenter. 

But Gray’s last effort in the cause of experimental science 
was founded upon a deception. The familiar conjuring trick 
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of the Goblet and the Ring, in which a metal ring suspended 
at the end of a thread held between the fingers of the operator 
is made to perform revolutions, and to strike the walls of a 
glass vessel placed in its vicinity, is as old as the proverbial 
hills. The first description of the phenomenon to be written 
in the English language appears in Scott’s Discovery of Witch- 
craft, 1665, in which work the author maintains its cause to 
be due to magical influences. It may be almost unnecessary 
to remark here that the rotations and oscillations of the ring 
pendulum have their origin in peycho-physiological causes 
which produce a series of unconscious muscular movements 
in the hand of the operator, and so direct and amplify the 
movements of the dependent body. Rutter,* however, falls 
into the same deception in considering the motions of the 
pendulum to be due to electrical causes, and he even goes 
so far as to devise an instrument for the purpose of studying 
the varying nature of the oscillations. 

Mortimer, however, after Gray’s decease, continued the 
experiments, particulars of which he subsequently communi- 
cated to the Royal Society.* They were entirely negative in 
results, and proving contrary to Gray’s predictions, they were 
soon discontinued. 

The first epoch in the history of electricity may be said 
to have ended with the work of Hauksbee on the electrification 
of bodies. Gray’s experiments brought a new outlook upon 
the science and aroused a more widespread interest in it. The 
manifestations of frictional electricity ceased to be regarded 
u mere speculative concerns, intellectual curiosities, and the 
like. Gray had demonstrated the controllable nature of the 
electric force, and, still further, he had even given faint hopes 
that at some future date it might be harnessed for the benefit 
of mankind. He blazed a trail through the virgin forest of 
natural philosophy, and by his crude experiments he laid open 
the path to future discoveries. 

Gray was essentially a pioneer, and he has suffered the 
pioneer’s fate. It is to be regretted that the memory of such 
an experimenter has been allowed to remain in an almost 
TOmplete obscurity. Such has been the case, however, but it 
u hoped that this inadequate and necessarily incomplete 
biography will arouse an interest in the subject. Stephen 
Gray was more than a mere dabbler, impelled out of curiosity 
and by reason of much leisure to investigate natural phenomena. 
He was an earnest worker in the philosophic cause, and to him 
much is due as an intrepid experimenter, and as the “ Father 
of Electrical Science.” 

* Op, eii, 

* PhU, Trans,, Abridged, vol. viii, pt. a, p. 405. 
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APPENDIX 

▲ U8T OF PAPERS ON ELECTRICAL SUBJECTS CONTRIBUTED TO THE Phih* 

sophieai TransacUons of the Royal Society by Stephen Gray, Esq., 
F.R.S. 

New Electrical Eaperimenis, Vol. xxxi, p. 104, 1720. 

More Experiments concerning Electricity. Vol. xxxvii, p. 8x, 1731, 
Concerning the Electricity of Water, Vol. xxxvii, p. 227, 1731. 

Further Experiments concerning Electricity, Vol. xxxvii, p. 397, 1732. 
Experiments and Observations upon the Light that is Produced by Communis 
eating Electrical Attraction to Animal or Inanimate Bodies, together with 
some of its Most Surprising Effects, Vol. xxxix, p. 16, 1734-5. 

Some Experiments Relating to Electricity, Vol. xxxix, p. 166, 1734-5. 
Electrical Experiments taken from the Mouth of Mr, S, Gray, F,R,S,, by C, 
Mortimer, M,D,, F,R,S,, on Feb, i^th, being the day before he died. 
Vol. xxxiv, p. 400, 1736. 



NOTES 


DtrRiNG the war the length of each number of Science 
Progress was reduced from 192 pages to 176 pages, though 
the matter actually contained was not much diminished 
owing to the fact that more of it was then put into small 

E rint. It has now been decided to return to the original 
mgth, namely, 192 pages ; and we hope that this extension 
will be welcomed by our readers. But, in consequence of the 

S eat rise in the price of printing, paper, and binding, it will 
j necessary to increase the price to 7s, 6 d. net (postage extra 
3irf.) : Annual Subscription : 30s. (postage extra is. zd.). 

Arfinu Qordon Thaoker. A.B.O.80. (Hugh Soott, Univenitg Huwam 
ol Zoology. Cambridge). 

By the early death of Mr. A. G. Thacker on March 30, 1924, 
TOology has lost a hard worker and a man possessed of shrewd 
judgment, wide interests, and good literary style. A scientific 
trend had previously manifested itself once at least in his 
family, his maternal grandfather, Edmund A. Kirby, M.D., 
having been the author of certain works on pharmacology.* 
lacker was born on January 5, 1885, and from early boyhood 
displayed a strong bent for natural history. He soon struck 
out an original line, showing himself less eager to make such 
collections as many bo}r5 form than to record observations. 
He was keeping regular field notes when he was fourteen, and, 
though interested in all kinds of animal life, was most attracted 
by vertebrates, esmcially birds, and, above all, maixunals. 
When still only in nis fifteenth year he visited the late Prof. 
G. B. Howes at the Royal College of Science, and aroused such 
interest in the Professor, that the latter arranged for him to 
attend, the biological classes during a whole session without 
ha vinn 'formally entered the College. In 1900 Thacker tem- 
{wrarily left that institution and continued hb general educa- 
tion, subsequently re-entering the College as a normal student 
in October 1902 ; there he foUovIred the courses till he gained 
the Assodateship in 1 906. He then held a Research Scholarship 
till 1908, examining the Calcareous Sponges collected by Mr. 

* '* Hw AdminiBtntion of Phosphorus and its Iherapeutlc Uses,” 1877, 
aad other writings. 
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Croseland in the Cape Verde Islands ; a report on these appeared 
in June 1908 {Proc. Zool. Soc., p. 757) and Thacker’s slide- 
preparations are now in the British Museum. The knowledge 
of sponges then acquired was again called into play later, when 
for some time before his death he was engaged in editiiw, in 
collaboration with Dr. G. P. Bidder, a Naples Monograph on 
that group left unpublbhed by the late Prof. G. C. J. Vosmaer 
of Leyden. 

From ipioto 1916 Thacker was Curator of the Public Museum 
at Gloucester, where he reorganised much of the collections, 
setting up exhibits with explanatory labels, and where he also 
gave public lectures. Leaving early in 1916, he was for a 
short time at the Wellcome Research Bmeau under the Royal 
Society's scheme for training biologists for the diagnosis of 
disease, and was then engaged till 1919 on diagnostic work at 
the Kitchener Hospital, Brighton, and at a military hospital 
at Bournemouth. Early in 1920 he went to Cambridge as a 
Demonstrator in 2 Ioology under Prof. Stanley Gardiner, and 
was there till his last illness. Throughout these four years he 
demonstrated in the courses of Biology and 2 k>ology ; latterly 
he was in charge, under Dr. Gadow, of the demonstrations in 
Vertebrate Comparative Anatomy, besides demonstrating re- 
gularly in Embryology under Dr. Shearer and Prof. 'Wilson, 
directing the practical work in Dr. Bidder’s research-lectures 
on sponges, and giving advanced lectures on certain groups of 
invertebrates to students for Part II of the Natural Sciences 
Tripos. He joined with Mr. W. F. Lanchester in research 
on the circulatory system of the cat, a preliminary note on the 
Superior Vena Giva appearing in January 1921 (Proc. C0«n6; 
Phil. Soc., XX, p. 228), and he would doubtless have produced 
further orip;inal work had his time' been less fully occupied 
with teaching. He built up a large " coaching ” connection, 
in which he earned the reputation of sparing no pains on his 
pupils, while he frequently declined to accept full remuneration 
mom students in wor circumstances. 

In much of Inacker’s work there is far more orig^nahty 
than appears on the surface. Many other writings besideis 
those mentioned above came from his pen. Keenly interested 
in anthropology, he regularly contributed the notes on that 
subject to Science Progress from vol. x (1915-16) till his 
death^ as well as publishing several original artic^ on anthro- 
pological subjects in the same journal. While at Gloucester 
he devoted some time to determining the stratigraphy of ti» 
prehistoric remains in King Arthur’s Cave, Herefordshiie, but 
the printed results (1915) seem only to have been Museum 
leaflets which do not bear his name. A sound knowledge of 
German, gained during four months’ stay in Hanover in 1907, 
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^pafaled him in 1913 to make a free translation of H. v. Buttel- 
Keepen’s Atts d«m Werdegar^ der M^chheit, under the 
title Man and his Forerunners, in the preface to which 
Buttel-Reepen acknowledged that the account incorporated in 
the book of the then recent discoveries in Sussex and Suffolk 
was due to Thacker alone. In an essay-review of Dr. J. C. 
Willis's “ Age and Area,” entitled " The Dynamics of Distribu- 
tion ” (Science Progress, Jan. 1923), he brought forward 
original criticism of Willis’s theory. His comments in the same 
periodical (July 1923) on Dr. Kammerer’s lecture in Cambridge 
concerning the inheritance of acquired characters were also 
critical, and evoked some correspondence. 

In 1909 Thacker assisted Mr. Hugh Elliot to translate Carl 
Hagenbeck’s book of experiences among wild animals, under 
the title Beasts and Men. During Mr. Elliot’s editorship of 
the Annual Register Thacker wrote the greater part of the 
foreign section of that work annually, from 1 91 $ to 1921, besides 
contributing articles on the events of the war to other serials. 
That he should thus have thrown himself into the task of record- 
ing contemporary history is less remarkable in view of the 
fact that history had always been one of his leading interests ; 
he had, indeed, in past years often displayed an astonishing 
grasp of some of its aspects, especially of the various territorial 
changes in Europe during the Middle Ages. In politics also 
he was a ready participant, and as a younger man was ardent 
in many athletic pursuits. He was unmarried. Those who 
knew him feel the loss of a highly valued and very loyal 
friend. 

A VonreglaD DiMoverr : froaen Air. The Secret ol the Aurwa Boreelis 
(H. 0. B. Ckdbonie.) 

Trs actual scientific cause of the wonderful coloured lij^ts known as the 
Aurora Borealis in the northern skies at night which have always aroused 
astonishment and adnwation in travellers and discoverers in the polar 
regions, has hitherto been shrouded in mystery ; it was a thing which nobody 
oonld understand. But, according to information given a few days ago by 
H. Deslandres to the French Academy of Science, a Norwegian professor 
has made a discovery by which he has been able to reproduce in his laboratory 
at home the brilliant characteristic yellow-green radiatioiu, the hidden secret 
of the Aurora Borealis. 

It appears that, contrary to the old theory that at high altitudes the 
atmospheric composition changes into hydrogen and helium, the experiments 
(d Prof. Vegard in his Christmia laboratory go to prove that the real fact 
is that at a hei^t of about too miles, the usual altitude of the Aurora Borealis, 
the nitrogen of the air is still present, but frozen into solid crystals, which, 
when strongly electrified, cause the marvellous and mysterious northern 
fldloured lights. 

It is interesting to recall the graphic description Nansen gives of the 
sig h t of the Aurma Borealis from the deck of the Fram in his Farthest North. 

, Qite night, in his diary, Nansen wrote : *' Late in the evening Hansen came 
ddiwn to ^ve notice of what really was a remarkable appearance of Aurora 



Its 


SCIENCE PROGRESS 

Borealla. The deck wm brightly iUominated by it» and reflectkma ol its 
light played all over the ice« The whole sky was ablare with it, bat it was 
brightest in the south ; high up in that direction glowed waving masses of 
fire. Later still Hansen came again to say that now it was quite eaetraordi- 
nary. No words can depict the glory that met our eyes. The glovring fire- 
masses had divided into glistening, many-coloured bands, which were wnthmg 
and twisting across the sky both in the south and north. The ra3rs sparkled 
with the purest most cr3rstalline rainbow colours, chiefly violet, red, or 
carmine and the clearest green. Most frequently the rays of the ardh were 
red at the ends, and changed higher up into sparkling green, which quite at 
the top turned darker and went over into blue or violet, before disappearing 
in the blue of the sky ; or the rays in one and the same arch might change 
from clear red to clear green, coming and going as if driven by a storm. It 
was an endless phantasmagoria of sparkling colours surpassing anything that 
one can dream. Sometimes the spectacle reached such a climax that one's 
breath was taken away ; one felt that now something extraordinary must 
happen — at the very least the sky must fall." 

IVofessor Vegard is continuing his experiments, endeavouring to discover 
some further secrets of the Aurora Borealis ; and he also expects to be 
able to explain the mysteries of phosphorescent light. 

H. C. S. C. 


The Oerm-theory ol Disease. 

Thb date when philosophers or men of science first began to conceive the 
idea that many diseases are due to intruding parasites is not known with 
any certainty. We are therefore much obliged to Mr. £. Heron-AUen. 
F.R.S., for sending us the foUowi^ paragraph from Restif de la Bretonne, 
La Paysanne Pervertie, 1770-80, Gay’s Edition, Bruxelles, 1883, vol. lii,, 
p. 43. and we shall be glad if any of our readers can inform us of any earlier 
mention of the hypothesis. 

" Mais ce qui est bien singulier. pour cette maladie,^ et pour toutes les 
autres qui sont contagieuses. comme la petite soeur ' de ceUe dont je parle, 
la peste, la rage, les fidvres, la gonorrh6e, e’est qu'elles m’existent pas en nous ; 
se sont des 8tres moraux, pour ainsi dire, qui, une fois engendr6s, s'^en- 
dent. se propagent, se conservent. comme des germes d’animaux. des anuses 
entires sans ^t^ration. Cela est presque inconcevable, k moins de consi- 
d6rer ces miasmes, ces germes. comme des animalcules imperceptibles, dont 
les semences ont la faculty, de se conserver longtemps. et qui no se d6veloppent 
que dans le corps humain, ou au moins dans des corps anim6s." 


Thft Xing and Tropical Uedicinc (BJEL). 

The King opened the great British Empire Exhibition at Wemlfiay 
on Wednesday, April 23’, and medical investigators were gratified to note 
that His Majesty found room in his short opening address for the following 
remarks : " The Exhibition," he said, inter alia, ** stands for a co-ordinatioii 
of our scientific knowledge and a common efiort to overcome disease, and 
to better the difficult conditions which still surround life in many pa^ of 
the Empire. Think, for example, of the scientific work accomplished in 
recent years for the prevention and treatment of tropical diseases." 

Enlightenment begins at the head, and our sovereigns have alwa3r8 don^ 
their best for science and art ; but 1 have often thought that, in spite of 
the toys, the conveniences, the benefits, and the vision which science bee 
conferred upon humanity, the mass of our people still remain in the int^- 

1 Syphilis. • Smallpox. 
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lectuiU condition of the Wigwam Age. Their bodies can travel in trains 
and aefDplanes, their eyes can watch scenes and their ears can hear sounds 
thousandui of miles distant, they can traverse the ocean in floating palaces, 
and they can measure the planets and stars of heaven ; but their spirits 
re^ly still jog along barefoot in the deserts of barbarism and worship the 
fetishes and Molochs of long, long ago ; and when the New Idea appears 
to them they throw their tomahawks at it — ^just as they used to do in the 
old, old days I Thus Edward Jenner, the discoverer of vaccination, was 
so persecuted all his life that in 1814, when he was sixty-flve years old, he 
said to the Tsar of Russia in London, 1 have received the thanks and the 
Cpplause, but not the gratitude of the world/' So it is still with many 
workers in medicine. Most of the poor men who were foolish enough to try 
to benefit their fellows in this field have been chased about for years by 
nimble people with assegais. Twenty years ago Mr. W. M. W. ]|&flkine, 
who gave us prophylactics against cholera and plague, was nearly scalped 
for his pains ; and even such a humble adventurer as m3rself am now in 
process of being skinned alive (in the columns of Nature) by two Pro* 
lessors one of whom has been stalking me for a quarter of a century 
round the thorns and the cactuses which grow in the great desert of 
" parasitology " ! 

And I fear that even when the wild men of the world have got the dis- 
coveries ready made for them by others, they do not know how to use them 
and do not try to learn. Are we really civilised, after all ? Seriously, 
matters of public health are of first>rate importance — not tenth-rate, as most 
of our politicians, officials, and journalists seem to think. Life and health 
are of much greater value to the thousand million people of the world than 
are the theories of philosophers, the mock-heroic combats of politicians, 
and the money-makmg of tradesmen : yet few pay any attention to the 
first. For example, one has only to mention that insignificant insect, the 
mosquito, to a British audience, and one will raise a hearty laugh at its 
eipense ; but really it kills about 2,000,000 human beings every year and 
keeps many more millions constantly ill, besides rendering many of the 
richest areas in the world almost uninhabitable. Yet, though we know how 
to deal with the pest, we make little efiort to do so. Science advances, it 
if true ; but the masses of mankind do not keep up with it. 


XlM OtginiMtlon of DifOOTory. 

Nature has been recently discussing the whole subject of the manage- 
ment and encouragement of scientific research, especially medical resear^. 
On April 26 and 3 it described the recent proposals of the Intellecttial 
Co-operation Committee of the League of Nations, which had decided to 
submit a draft convention for the protection of scientific discovery by some- 
thing like patent. On April 19 oir Ronald Ross advises a return to the 
proposals of the British Science Guild in 1920 suggesting payment for dis- 
covery; and on May 17 he writes an analysis of the whole subject and 
compares subsidies for research (that is, payment for expectations) with 
rewards for discovery (that is, payment for results). On the other hand, in 
Nature of April 26, ^of. E. H. Starling, F.R.S., deprecates any rewards 
lor research. Discovery brings its own reward, he says ; and he compares 
it with “ The joy of being first on a virgin peak." Unfortunately, medical 
research is not a form of personal amusement, but a very serious matter 
tonoemed with the lives of millions of human beings ; and men, if they are 
vrise, will encourage it by every means in their power, including the unfamiliar 
method of paying for discoveries when made, as they now often do for 
other advanta^s which they receive. 
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We were very glad to see that the centenary of Lord Byron's death cm 
April 19, i 824» was made the occasion for many articles in the pKpsa» and 
tibat most of these gave due praise to a man who, with all his fa^ti, was a 
gr^t personality and a great poet. What we have always admired about 
Byron was his possession of a virtue which ancient Greeks considered to 
be the first of virtues, namely, absolute courage. He never hesitated to 
say what he thought — even when he decided to condemn his own faults. 
To judge by the great volume of his writings during his short life, he must 
have been a very hard worker ; and, though his numerous detractors have 
tried to belittle his efforts on behalf of Greece, he not only lost his life in 
that cause, but did so much for Greece that his name remains highly honoured 
in that country even to-day. There was nothing of the h3rpocrite about 
him; he was a man; and as a poet he had the ^most supreme virtue of 
spontaneity. His thoughts flowed from him, and were not merely the result 
of Infinite tinkering. 

The cause of his death has always been a subject of great interest to 
medical men. It has been generally attributed to malaria, and The British 
Medical Journal for April 19 considers the matter at very considerable 
length and gives most of the necessary details. I was asked to contribute 
to the discussion, and added a note in which I showed that we are by no 
means certain as to that diagnosis. I think that the illness may have been 
** malarial fever by residual diagnosis," which "is a very poor form of 
diagnosis." Evidently the ph3rsicians in charge of the poet were them- 
selves not too competent ; and the result is that at this distance of time 
the actual diagnosis can probably never be fixed. 

Hotei and News. 

H.M. the King has approved the award of the Founder's Medal of the 
Royal Geographical Society to Ahmed Hassanein Bey for his journey to 
Kufra and Dafur in 1923, and of the Patron's Medal of the Society to Com- 
mander Frank Wild for his services to Antarctic Exploration. 

Dr. Horace Lamb has been elected President of the British Association 
for the meeting at Southampton in 1925. For the meeting of the Associa- 
tion in 1926 an invitation has been received from the University and Qtv 
of Ordord. 

Sir E. Sharpey Schafer has been elected corresponding member of the 
French Academy of Medicine and Sir William M. Bayliss received a 
similar honour from the Brussels Academy of Medicine. 

The Longstaff medal of the Chemical Society was presented to Prof. 
F. G. Donnan at the annual general meeting of the Society on March 27. 

Dr. J. L. £. Dreyer has been elected President of the Royal Astronomical 
Society for the Session i 924 - 5 » Capt. C. J. P. Cave of the Royal Meteoeo- 
logical Sooiety^ Mr. A Chaston Chapman of the Royal Micxbscopical 
Society, Mr. F. E. Smith of the Physical Society. Prof. G, G. Henderson of 
the Institute of Chemistry, and Prof. A. Barr of t^ C^tical Society. 

Prof. A. N. Whitehead has been appointed to the Chair of Ihilosopliiy 
at Harvard University for five years. 

Prof. A. W. Porter, F.R.S., been appointed University Professor 
of Physics at University College, London ; Prof. A. E. JoUiffe, University 
Professor of Mathematics at King's CoUege. London ; Dr. C. K. IngoM, 
Professor of Organic Chemistry at Leeds ; and Dr. I. Masson, Professor of 
Chemistry at Durham. 

Dr. F. A. Bather has l^n appointed keeper of the Geok^cal Departmeiii 
of the British Museum (N^atural History). Mr. W. H. M. Greaves succeeds 
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Vb. g pin e e r Jones as Chief Assistant at the Royal Observatory, Greenwich, 
and Mr^ F. S. Sinnatt, of the University of Manchester, has been appointed 
Aseistattt Director of Fuel Research. 

Dr. Elihu Thomson has been awarded the Kelvin Gold Medal for Engi- 
neering. This medal is awarded triennially W a committee of the Presi- 
dents of the British Engineering Societies. The first award was made in 
192X to Dr. W. C. Unwin. 

Among the many well-known men of science whose deaths were 
announced during the past quarter were the following : Dr. N. Annandale. 
Director of the Zoological Survey of India ; Prof. G. A. T. Cole, Director 
of the Geological Survey of Ireland .* Dr. R. E. Froude. who for many years 
had charge of the Admiralty experimental tank at Haslar ; Hans Geitel. 
physicist ; Prof. M. M. Hartog, biologist ; Prof. J. W. Jack, mathematician 
and educationist ; Mr. A. H. Jones, entomologist ; Dr. W. H. Maw, one- 
time president of the Royal Astronomical Society : Dr. L. P^n^ey, Direc- 
tor of the South African Museum, Cape Town ; I^of. G. H. Quincke, For. 
Mem. R.S.. physicist ; Prof. J. Symington, anatomist ; Capt. T. H. Tizard, 
formerly Assistant Hydrographer of the Navy. 

The Royal Society has received £10,000 from an anonymous donor for 
the prosecution of research in preventive medicine, especially for cancer, 
tuberculosis, and tropical diseases. It has also received a donation of ^525 
from Messrs. Brunner, Mond & Co., towards the cost of publication of results 
of research in the physical sciences. 

]^gadier-General C. G. Bruce, who was in charge of the Everest Expedi- 
tion, has been forced to relinquish his command as a result of a severe attack 
of malaria. 

It has now been decided by the Government that the Exhibition Gal- 
leries at the Imperial Institute shall be kept open. Viscount Cowdray has 
offered £5,000 a year towards the cost of the upl^p of the galleries, and other 
cemtributions have been promised by certain Dominion Governments. 

The State scholarships awarded to students from State-aided schools to 
enable them to continue their education at the Universities are to be renewed 
this year. The original scheme was commenced shortly after the Armistice, 
but was stopped as a result of the recommendations of the Geddes Committee 
in xq22. 

The Ontario Government has purchased thirteen aeroplanes for its 
Fbrest Service. They will be used for survey work, and as a fire patrol, 
in which capacity it is expected that they ^11 efiect a yearly saving of 
;^, 000 . 

The Jubilee of the Physical Society of London was celebrated in a most 
Interesting and satisfactory manner at a series of functions on Mdxch 20-22. 
An exhibition of apparatus was held at the Institution of Electrical Engineers 
on all three days and many objects of historic interest were shown. On the 
20th the foreign delegates wore received by the President (Mr. F. E. Smith), 
and the Guthrie lecture was delivered by M. le Due de Broglie, who discussed 
some effects of high frequency radiation. At the end of the lecture Prof. 
Wien, in a most effective little speech, warned his hearers against too com- 
plete an acceptance of the ideas of the quantum theory, in spite of the fact 
that it was '^made in Germany.** In the evening Sir Richard Paget gave 
Us interesting lecture on vowel sounds. The meetings on the 2X8t were 
devoted to reminiscences by Fellows of the Society of long standing. Sir 
WUliam Barrett gave an account of its foundation by Guthrie and himself. 

Fleming d^t with similar matters, and was obviously delighted that, 
fffty years previoiialy to within an hour, he .had had the privilege of reading 
Ihe wst paper before the Society. Prof. Boys, w}io was due to speak, was, 
Itioit unfortunately, kept away by illness, buti^nt a contribution which was 
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read* mthor ixiaudibly. by the Secretary, Dr. D, Owen. Finally, attM at 4 oI 
the afternoon session^ Sir Richard Glarebrook gave an acconi^ of the 
eetabliBhment of the international electrical units. His address, ]however, 
had far more connection with the Cavendish Laboratory as he knew it and 
with the National Physical Laboratory than with the Phj^ical Society. 
In the evening addresses were delivered by Sir Arthur Schuster, Prof. 
H. E. Armstrong, Dr. Chree, and Sir Oliver Lodge. Finally, on Saturday 
evening a banquet was given in the Connaught I^ms, when H.R,H. the 
Duke of York and the Prime Minister addressed the* guests. 

The annual conversazione of the Royal Society was held on the evening 
of Mky 14. Perhaps the most striking exhibit was that shown by Ptof. 
£. N. da C. Andrade of the Ordnance College, Woolwich. It was an ap- 
paratus designed to demonstrate the movement of a viscous liquid con- 
tained in the annular space between two rotating cylinders, llie inner 
cylinder was a rod of silver steel 3 mm. in diameter, and the outer cylinder 
a glass tube of 10 mm. internal diameter. The motion of the liqmd was 
indicated by suspended particles of colloidal silver, illuminated at any desired 
cross-section by a flat beam of light, optical distortion being avoided by 
running the gl^s cylinder through a cubical block of glass, the interspace 
being lubricated by a liquid of the same refractive index as the glass. The 
abrupt change of the motion of the liquid at the critical velocity was shown 
very beautifully with this apparatus. Another striking exhibit was a new 
form of cathode ray oscillograph shown by the Western Electric G>. 

The new buildings of the National Academy of Sciences of the United 
States at Washington, erected at a cost of about 1,500,000 dollars, are now 
open. The most striking feature of the building, from the point of view of 
the general public, is the museum containing a imique collection of experi- 
ments in working order. The visitor can observe the motion of the sun** 
spots on a six-inch image of the sun projected on to a table in the cenbral 
hall, and can compare the solar spectrum with that of the iron arc. He 
can manipulate the mirrors of a li^chelson interferometer and control the 
exhaustion of a vacuum tube through which an electric discharge is passing : 
otMerve Brownian movements, the tracks of o-paxtides, and the growth of 
plants under difierent kinds of light. Most of the exhibits will be changed 
from time to time to make room for new inventions and discoveries in 
realms of sdence. 

As a result of experiments carried out in the cryo^nic laboratory at ley- 
den, Prof. L. Vegard of Christiania states that he. has identified the green line 
of the aurora with the light emitted by crystals of solid nitrogen when they 
are exposed to the influence of a stream of cathode ra3rs. Under the influence 
of the rays the nitrogen, in his experiments, partly evaporated and began 
to emit the characteristic nitrogen red. Vegard therefore attributes the 
phenomena of the aurora to the presence of a " shell " of frozen nitrogen 
at a height of some sixty miles above the earth's surface. The greater 
frequency of auroral displays in polar latitudes is attributed to the fa^ that 
the atmosphere is shallower in those regions. 

The Proceedings of the National Academy of Sciences (U.S.A.) for Nov, 
1923 contain a detailed account of Prof. H. Shapley's investi^tions on 
the velocity of light of different wave-lengths in inter-stellar space. Hii 
work shows conclusively that a 25 per cent, difference in wave-length does 
not alter the velocity by more than one part in 20,000,000,000. The result 
provides striking evidence of the very small amount of absorbing matter in 
space, for his olraervations were made on stars at distances of the order of 
40,000 light-years. Prof. Shapley has also made estimates of the dis- 
tance of the ol^ect No. 6822 in Dreyer's General Catalogue of nebulas by 
three different methods and finds that each gives a result of the order of 
1,000,000 light-years. This is five times the distance found for the fkrthiit 
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l^bdbur duster, and the object, which is described as an aggregation of faint 
xtebuhe and stars, is inferred to be external to our sidereal system. 

We have received a number of interesting reports from the Bureau of 
Standards dealing with very diverse matters. The first (Technologic Paper, 
No* 240} contains the results of a number of dynamometer tests of motor 
tyres* nevious work by Prof. £. H. Lockwood of Yale had shown that, 
in average passenger car running on a hard level road at 20 miles per hour, 
about h^ the power developed by the engine is used in overcoming the 
rolling resistance of the tyres. This being so, the new results show that 
petrol consumption can be altered as much as xo-20 per cent, by the choice 
of tyres. The greater part of the power loss occurs in the carcass of the 
tyre. Cord tyres are superior to fabric tyres, and the best results were 
obtained with t3nres with a very uniform lay-up of the cords. The thickness 
of the rubber between the dificrent plies of the carcass has also a very marked 
effect. Wherever this thickness is low the power loss is high. The design 
of the tread is relatively unimportant — grooves running round the peri- 
phery of the tyrt seem to have given the best results — at any rate, as com- 
pared with criss-cross patterns. Tests on treads having cavities forming 
so-called vacuum cups showed that this design causes no perceptible loss 
of power. Tubes, too, play a negligible part in the power loss — even when 
used in conjunction with a punctme-proof ** rubber band. 

Scientific paper No 478 from the Bureau contains an account of a redeter- 
xnination of secondary standards of wave-length from the new international 
iron arc. The system of secondary standards of wave-lengths now in 
common use was derived from an axial part about 2 mm. wide in the centre 
of an iron arc about 6 mm. long, and was established before the full im- 
portance of operating conditions of sources was recognised. Because of 
the pressure sMft of certain lines in this type of arc the International Astro- 
nomical Union in 1922 recommended that the arc-length be 12-15 mm. and 
that the light used be taken from a central zone not to exceed i-x'5 mm. in 
width. The measurements described in the paper were made with the new 
arc by the Fabry and Perot interferometer method. The values obtained 
depend on the group to which the lines belong, but are, on the average, 
from 0*0072 to 0*003 Angstrom units less than the previous standard values. 
The paper contains a photograph of a new form of stand for the iron elec- 
trodes, which has an unusu^y large range of adjustment. 

The third paper is mentioned to illustrate the wide range of investiga- 
tion of a bureau of standards. It deals with methods of measuring the sizes 
of stockings I As a result of much study and analysis of the methods used 
by difierent manufacturers, it has been decided that in future the length 
anall be measured from the tip of the toe to the heel along a line passing 
through the bottom of the heel gore. Thus size 10 refers to'a stocking in which 
the length of this line lies between xoi* inches and 9)^ + inches. If the length 
was exactly 9f inches the size would be given as 9^. 

The fascinating story of how the British Empire, in the comparatively 
few years since the beginning of this century, has risen to the proud position 
of being supreme in the world's rubber industry is told by 1 ^. W. A. Mac- 
laren in a l^k on RiMer, Tea, and Cacao (published by Ernest Benn, 355. 
net.), one of the series of twelve volumes on the Resources of the Empire 
preyed by the Federation of British Industries. 

In the first year of this century, he says, the world's production of rubber 
was just under 35.000 tons, all of which, except a small matter of five tons, 
was wild rubber collected from virgin forest areas in South and Central 
America, Africa, etc. In 1905 the world's output had reached 62,145 tons, 
of which 4,172 tons were produced in the British Empire (principally West 
Africa) and 145 tons were plantation rubber. The next five ^ars brought 
the wprd's output to 77,000 tons in 19x0, of which the British Empire 
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oontribnted 11,2x7 tons, including 8,406 tons of plantation and 2,8$i Iona of 
wild rubbor, still representing under 14 per cent* of the total oufaunt. By 
19x3 (the pre-war year), however, a gr^t change had come over m aoene. 
the British Empire supplied 48,1871008 out of the world's total of 1x3,000 
tons, and of this quantity 46,9x9 consisted of plantation rubber. To come 
to 1922, the latest date for which full statistics are available, the Empire 
contributed 272,000 tons out of a world supply of 402,000 tons, vis. 68 
per cent, and 100 per cent, of this was plantation rubber. Again, of the 
total world supply 377,000 tons was plantation and 25,000 tons wild rubber. 
The British Empire has thus moved rapidly forward from a position of com- 
parative unimportance as a supplier of a variety of inferior wild rubber to 
one of commanding importance as the principal supplier of rubber of the 
world's markets--we work of British hands and trains, and financed by 
British capital. This growth has coincided exactly with the expansion of 
motor-car and tyre manufacturing. 

The author gives some interesting figures to show the immense cost of 
starting a new plantation at the present time. In detail he estimates the 
expenditure on a 2,000-acre plantation — ^the minimum area for economical 
working — ^for the tot five years before it begins to bear. This amounts, 
with interest on capital, cost of land, buildings, etc., to the enormous figure 
of ;£x 67,664, or £83 6s. 8d. per acre. As showing the absence of inducement 
to plant-up new acreage at an3rwhere near that Mr. Maclaren tells 

us that at the end of 1923 there were numerous existing rubber companies 
whose shares could be bought at figures from £^o to £60 per planted acre. 

The trustees of the Carnegie Trust for the Universities of Scotland have 
issued an elaborate document containing a list of the Fellows and Sdbolars 
appointed by the Trust, together with their publications and a brief account 
of their sul^equent careers. Since the awards were first made in 
academic yesa 1903-4, 306 Fellowships and 599 Scholarships have been 
awarded. Originally of a maximum value of £130 and £100 respectively, 
the annual value has now been increased to £230 and £173. In addition tlm 
Trust has made a large number of grants in aid of specified researches. The 
distribution among the several branches of learning which may be studied 
under the terms of the Trust Deed has been as follows : Physics, 45, 70 ; 
Chemistry, 71, X65 ; Natural History, 43, 91 ; Medicine, 74, xxa ; Hist^ 
(including Economics and Modem Lw^ages and Literature), 73, x6x— Ihe 
number first given referring to Fellowships and the second to Sd^larships. 
The records of careers and of publicatiozu which were the direct result of 
awards under the scheme are most imposing and show that the Trust is per- 
forming a great work in the country. 

We have received copies of the first four numbers of the official Journal 
of the newly established Imperial College of Tropical Agriculture, Trinidad. 
It is entitled Tropical Agriculture, and is published monthly at 6d. net (London 
Office, X4, Trinity Square, E.C.). It is written brightly, well printed, and 
contains, in addition to articles contributed by well-lmown expe^, a survey 
of conditions in all parte of the tropical world. 

The pamphlets received from the Departxnent of Scientific and Industrial 
Research this quarter include a Report ^omthe Food Inveati^tion Board en- 
titled, The Thermal Properties of Methyl Chloride (mico X5.,from H.M. Stationery 
Office, Imperial House, Kingsway, W.C.2), by D. N. Shorthose, M.A., which 
supplements the Report on Ethyl Chloride referred to last quarter, and the 
Itod and Final Report of the Mine Rescue Apparatus Research Committee 
(xf. net). This Report deals (a) with liquid air rescue apparatus, ( 1 ^) with 
metallic vacuum fiasks, and (<;) with miscellaneous matters, including corn- 
messed oxygen reviving apparatus. The air supply of the mine rescue party 
is carried in liquid form on the back of each man in a pack known as an 
aerophor. This is charged withabout 6 lb. of liquid air soaked up in rr%idf)i^ 
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asbestos wool ; it also contaiiis caustic soda granules to purify the air breathed 
out by the user. The supply lasts about two hours, and the pack weighs 
about 40 lb. An important point in the design is the heat insulation, which 
must be so adjusted as to evaporate the air at a minimum rate of from 
litres per minute. The aerophor is charged from large metal Dewar flaslu 
hrouglrt from a central station, where the liquefying plant is located, on 
motor^lorries. The design of these flasks has already been described in these 
notes in a review of the Report of the Oxygen Research. Committee^ but some 
further particulars of interest are given. It appears that the burnish on 
the metal surfaces which face each other in the completed flask is a matter 
of the first importance ; the exhaustion of the interspace between them 
(which, of course, contains charcoal) need not be extreme. It may be 
eflected with an oil-pump, and the pressure may be as high as 0*5 mm. with- 
out loss of efficiency. At intervals the vacuum is renewed after the flask 
has been steam-heated to 100 C. to drive ofl the gas absorbed by the char- 
coal. The equipment and maintenance of the central stations is a most 
serious problem. A two-days* supply of liquid air for the packs of all the 
rescue t^ms supplied from the station must be kept in constant readiness 
and the cost per lb. of air is consequently high — on the average 13*15^. per 
lb. of air, which is equivalent to vis, per x,ooo cubic feet of gaseous oxygen 
at 70^ F. The committee suggests that in future small plants capable of 
yielding about 40 lb. of 95 per cent, pure oxygen per hour shall be in- 
stalled. Pure liquid oxy^n has marked advantages over liquid air for mine 
rescue work, and in addition such plants might be used to supply oxygen for 
medical purposes, for welding, and in such quarries and mines as may be 
permitted to use it as an explosive. 

Natural History,** the journal of the American Museum of Natural 
History, New York, January to February. 1924, is an extremely charming 
number tecause of Iffie many fine illustrations which it contains regarding 
natural history in Australia. We cannot aflord such scientific luxuries in 
this poor country, and if we could afford the money we would not spend it 
in tms way, but on sports and Idnematographs. There are some beautiful 
photographs of Australian mammals, birds, and reptiles, and of the great 
barrier reef of Australia, the geyser region of New Zealand, and the Taos 
Indians. 



CORRESPONDENCE 

To the Editor of Scibkcb Progrbss 
DR. KAMMERER IN CAMBRIDGE 
I — By R. H. Nisbet 

Dbbr Sir, — In correspondence under this heading. Prof. MacBiide accuses 
Mendelians of believing that germinal variations are causeless. May I say 
that I have never seen anything in the writings of any Mendelian to support 
this idea, and that I do not consider the examples quoted by him prove 
his case. 

Even if Mendelians do explain hereditary changes by the dropping or 
the appearance of a factor, I do not think that any of them would hold 
that such a happening was causeless. 

Prof. MacBride evidently holds that an explanation is not an ezplana* 
tion if it explains the phenomena as being due to a change which has a 
cause. Such an explanation may not be an ultimate explanation, but if 
no expkmations that are not ultimate are to be accepted, there would bs 
very little science. 

Mendelism is, as a matter of fact, quite consistent with Prof. MacBrIde's 
form of Lamarckian theory. It is conceivable that the reactions of the 
body on the germ plasm, which that theory assumes, axe in the nature of 
reactions on the physico-chemical factors underlying Mendelian genes. 
Such an assumption would merely amount to a more detailed assumption 
as to the nature of the machinery by which the process, postulated by 
Larmurcldans, comes about. Ihere is thus no necessary opposition between 
the Mendelian and l^amarcldan theories of evolution. 

I tbink Prof. MacBride's real quarrel with Mendelians is that he thinks 
that if they admit causes of changes in Mendelian factors, they ougM to, 
but do not, admit that such causes possess Lamarckian chaxactexistks. 
But I do not see why they should admit this. 

In Messrs. Guyer and Smith's experiments on guinea-pigs the environ** 
mental dumm of an injection of lens serum produced two efEects. It made 
the guinea-pig blind, and it afiected the germ-plasm. The change in the 
germ-plasm produced alteration in the descendants, and this alteratkm was 
of the kind to make some of them blind, to possess the new charac- 
teristic produced in the parent. 

It is quite easy to conceive of a change in environment afEectingthe gei^- 
plasm so as to change the descendants, but for the change not to be the 
same as that product in the parents by the change of environment. 

Lamarcldans virtually state that this is impossible, that the alteration 
in the descendants due to the efEect of any agency on the germ-^plasm iwmi 
be the same as the direct effect of the agency on the individual. 

Dr. Kammerer's experiments do not prove this, even if they do prove 
that .soeis changes have lamarckian chamcteristics. 

the T^marchan doctrine is, in efiect, an arbitrary and unsubstantiated 
restriction on the possible causes of variations. 

Yours truW, 

Lonofibld, Kent, R. H« Nzsbbx, 

April 7. 
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I1-- By Prof. £. W. MacBridb, F.B.S. 

Drar SiR,-^In answer to Mr. Kisbet 1 should like to make my position in 
the letter which he criticises a little clearer. In common with most of 
your readers* I deeply regret the loss to science occasioned by the untimely 
and unexpected death of Mr. Thacker* with whom 1 was carrying on a 
friendly controversy. 

The i^ominent representatives of Mendelism may admit when pressed* 
as Mr. Nisbet says — that mutations have causes. As to the nature of their 
causes Dr. Bateson, our leading Mcndelian, has nothing better to suggest 
than ''accidents of cell-division." 

My objection to the t 3 rpe of argument which Mendelians use is that* as 
Darwin of the creation hypothesis* " it is a form of words rather than 
an explanation.'’ For to explain an hereditary change as due to the appear- 
ance or disappearance of a " factor " which is only definable by the change 
which it is supposed to produce* is to give* as even Goldschmidt admits* a 
purely " formal " explanation. It is about as enlightening as the old theo- 
logicsd expression " the sinfulness of sin." 

1 do not think that any Lamarckian would say that it was impossible 
for a cause acting on the parent to produce an effect on the offsprag different 
from that which it produced on the parent. What they do say is this : " All 
the evidence at our disposal points to the conclusion that evolution has 
been a slow* functional* and continuous process. The researches of Kam- 
mercr, Durl^em* and Pavlov prove that inheritance of function* i.e, of 
acquired characters, really takes place : therefore we regard this type of 
inhmitance as ike type which has brought about evolution." A priori, there 
seems no reason to deny that sudden changes of hereditary chiuracter — ».s. 
mutations — ^may not have played some part in evolution. Ten years ago 
1 should not have gone fur^er than this myself. Since that time* however* 
1 have colle^ed evidence which throws light on the ph 3 rsiological causes of 
theiM mutations. I cannot trespass* sir* on your space and good-nature by 
settmg forth this evidence here ; but if substantiated* as 1 believe it will 
be* it shows that these mutations are all of them due to a pathological pro- 
cess of " germ-weakening " which would unfft their possessors to survive 
in the struggle for existence. 

Yours truly, 

£. W. MacBridb. 

llCPBRlAL COLLBQE OF SaENCB AND TbCRNOLOOY* LoNDON* 

May 6. 



ESSAYS 

TXB AVTZQirZTT OF KAV XV BAST AVOBIA (J. BM Motr, 
F.O.A, F.B.AL) 

During the past twelve years a great change in opinion has taken place 
in regard to the question of the antiquity of man in England. The discoveries 
that have brought about this altered view have been made, chiefly, in the 
counties of SufEolk and Norfolk, where there occur certain ancient dieposits — 
not present in other parts of the country — ^which have been found to contain 
implements made by very remote, and hitherto unknown, races of men. 

The whole series of strata forming the earth's crust have been divided 
up by geologists into various periods, ranging from the most ancient Archeean 
to that of the present day. In geological parlance, this is the Recent 
Period, and, going back in time, we hnd that behind us, in successive order, 
are the Pleistocene and the Pliocene epochs. There are, of course, many 
others, but evidence of man's presence on this earth, so far as Euland is 
concerned, is not found in deposits more ancient than those of the Hiocene, 
and it is, therefore, not necessary to deal here with those periods which 
extend further back into the past. The general opinion upon the question 
of the antiquity of man obtaining among English scientific men prior to 
the discoveries which it is the purpose of this article briefly to describe 
was that the well-known palaeolithic flint implements of pointed and ovate 
form, found, usually, in the terrace gravels of existing river-valleys, repre- 
sented the earliest efforts of man to shape flints intentionally, and were 
all referable to post-glacial times. It is, however, somewhat remaskable 
that these views should ever have received such wide-spread acceptance. 
The earliest palasolithic implements exhibit evidences of great skill to flint* 
flaking, and it was unreasonable to have supposed that such well^smde 
artefacts represented man's first attempts at implement-making. Further, 
the belief that palaeolithic man lived, in England, only after the glacial period 
had passed away was never supported by soimd evidence, and, moreover, 
was entirely opposed to the findings of continental archaeologists, who, for 
many years, had recognised that the various races of palaeolithic people lived 
in Western Europe during the more or less prolonged, warm, inter-glacial 
episodes occurring during the Ice Age. When it is realised that, in palaeoUthic 
times, England formed p^ of the Continent, enjoyed similar conditions 
of climate, and was inhabited by the same races of ixnplement-making men, 
and the same varieties of animals, it becomes obvious that, to claim that, 
while on the Continent these human beings and animals lived during the 
glacial period, they existed here only after the close of that period, was 
not in accord with reason and with common sense. The results of the 
researclws carried out in recent years in East Anglia have gone far, not <mly 
to show the truth of the forgoing criticism, but also to bring the English 
archSBological evidence into line with that afiorded by the investigatioiis of 
continental pre-historians. But, before dealing with this side of the question, 
it is necessary to give some account of the very primitive pre-pal»lifMc 
flint implements which have been found in England. These specimens provide 
archaofogists with the long-looked-for types leading up from the most stoigile 
artefact to the earliest, though elaborately flaked paheolith, and demonstsito 
a slow, but continuous improvement in the art of flint-flaking. It Is htor 
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mmy yom thd great geologist, tlie late Sir Joseph Prestwich, made 
Idipiirtt to the Scientific world the nature of the flint implements found by 
B^Jamin Haxtison in and upon the highest portions of the plateau of Kent. 
It was shown that the provenance of these implements — ^to which the name 
eolith ** — dawn-stone— was given — vindicated for them a vast geological 
antiquity, and it was claimed that the whole of the great depression — ^the 
Weald of Kent — l3dng between the North and the South Downs, had been 
lormed by erosion since the makers of the eoliths lived. The specimens 
themselves are of the simplest possible description, being mostly, naturally, 
fractured pieces of tabular flint exhibiting human flaking along one or 
other of their edges, which were evidently used for scraping and cutting 
purposes of a rough and primitive nature. Thus, both from the geological 
and morphological standpoints, the Harrisonian eoliths of the Kent plateau 
appear to represent the handiwork of the earliest human beings. When we 
turn from Kent to examine the case for the great antiquity of man in East 
Anglia, we are at once met with evidence which makes it clear that the 
Harrisonian specimens must be relegated to, at least, an early phase of the 
very distant Pliocene period. During the greater part of this epoch, and of 
that of the {Receding Pliocene stage, a land surface exLsted in Norfolk and 
Suflolk. TMs land surface supported a varied succession of plants and 
a nim a l s, and in Pliocene times, as we now know, it was inhabited by races 
of flint-using men. Towards the close of the Pliocene period the land surface 
of Norfolk and Suflolk — owing, probably, to a sinking of the earth's crust in 
this area— was slowly submerged beneath the sea, with the result that the 
terrestrial remains of animals and plants, together with the flint implements 
of man, were quietly swept into the hollows and depressions existing in 
that suxiace. This detrital matter — composed of constituents of different 
ages, and containing the remains of warmth-loving animals — was, as the 
shiking of the land continued, covered by deposits of marine sands and shells 
to which l^e name ** Crag has been given. It is in the detritus-bed below 
the Crag that the first signs of glacial conditions — which, in successive cycles, 
separat^^ by mild, inter-glacial phases, occurred dmring the Ice Age appear. 
The evidehce, in East Anglia, of the former existence of vast ice-sheets is clear 
and umnislakable. The wide-spread Boulder Clays, with their included 
specimens of striated and far-travelled rocks, the glacial sands and gravels, 
tdten violently contorted by the great pressure of the moving ice, speak 
eloquently, and in no uncertain language, of the arctic conditions which, for 
uncounted thousands of years, held this country in their grip. 

The great cliff -sections of the north-east coast of Norfolk present some of 
the finest examples of glacial beds known, and, between Happisburgh and 
Weyboume, it is possible to see mile after mile of deposits laid down by 
the ice of early Pleistocene time, the period preceding that in which we 
live. In the sub-Crag detritus-bed are to bo found specimens of rocks 
toeign to the eastern counties, and, in all probability, brought to their 
piesent position by the transporting power of ice. Further, many of the 
mnt implements in the detritus-b^ exhibit, upon their flaked surfaces, 
deep and well-marked striations which would appear to have been imposed 
by some form of ice action. Moreover, though the oldest layers of the Crag 
contaiti the lossil remains of warm water molluscs, yet, as the various rones 
of tbie deposit are traced in successive order northwards, it is found that 
on evm-increasing number of cold water species is present, until, in the 
Weybonme Crag of Norfi>lk — ^the latest of these marine beds — ^nearly the 
uwla of the induded, fossil shells are boreal. This gradual change in the 
moUuscan life of the Crag sea indicates that the land was slowly sinking 
tOWmNto the north, and letting in the cold arctic waters to the Crag basin. 

B e n e ath the Cr^ have been found several examples of Harrisonian eoliths, 

^ Ojlhhnlifaldy alu^^ and indicating that they had had a long history befdu 
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arriving in the detritus-bed. It is thus possible to arrive at:^ bonolusioii 
that the makers of these primitive implements lived dtirix% some period 
prior to that in which East Anglia was submerged beneath^ the waters of 
the Cmg sea. The other flint artefacts found in the detritus-bed axe of a 
more advanced type, are less abraded than the Harrisonian f^cimens, and 
are represented by various forms of scrapers, borers, and cho|^ni, pointing 
to a Mgher level of civilisation than that present in eolitmc times* The 
outstanding implement of the sub-Crag horizon is the rostro-carinate, which 
is made from a nodule of flint so shaped that, at one end, there is a comfortable 
hand-grip, while the other is flaked to the shape of the beak of a bird of prey. 
These specimens, which were no doubt used as picks and cutting implements, 
are obviously related to the earlier Harrisonian artefacts, and, further, are with 
equal clearness seen to be the ancestral form from which the later pointed and 
ovate palaeolithic implements were derived. Among the numerous animals 
whoso remains have ^n found beneath the Crag may be specially mentioned 
the Mastodon, an elephant-like creature of ^eat size and strength-^which with 
early man existed in the warm and genial climate of pre-Crag times. 

It is evident that, after the deposition of the Crag beds, the land began 
to rise, and these beds were subjected to atmospheric denudation as a l^d 
surface. Upon this denuded sv^ace there liv^ — as recent researches at 
Cromer have demonstrated — a race of people making very large and massive 
flint implements of Early Palgeolithic types. These specimens occur at the 
base of a series of strata comprising the well-known Cromer Forest Bed 
deposits. These accumulations are estuarine in character, and show that 
there occurred another gradual sinking (in this case of only slight amount) 
of the land, during the process of which the surface upon which the makers 
of the large flint implements had lived, was submerged. The Forest Bed, 
in complete contrast to the shelly Crag underlying it, contains, almost 
exclusively, the remains of warmth-loving animals and plants. Tl^ mam- 
malian remains are of great abundance, and include three species of 
elephants, diflering from each other, and all of them widely from the more 
primitive Mastodon found beneath the Crag. The upper divisions of 
the Forest Bed also contain flint implements, and it appears that the people 
who made them lived in a wide and shallow river-valley — northern extension 
of the present Rhine — ^now covered by the North &a. Tl^re would seem 
little doubt that both the implements and the mammalian remains of the 
Forest Bed are referable to the Early Palrolithic-Chellian period, and it will 
be realised that to thus place these specimens in the first inter-glacial epoch 
is to depart very widely from the old view of the post-glacial age of all 
evidences of man in this country. 

The Cromer Forest Bed is covered, and in many places cut into, 1^ the 
immense deposits laid down by the Scandinavian ice-sheet of Early Pleistocene 
time, showing that, once more, glacial conditions were present In Eastern 
England. The recession of this ice-sheet was accompanied by a p^od of 
hif^er temperature, during which the glacial deposits were erc^ed by water 
issuing from the melting ice, and channels and lake-like hollows fomed In 
them. These depressions were afterwards filled with gravels, sands^ and 
brick earths, whi^ have been found to contain the flint implements of the 
Acheulian and Early Mousterian races, who were evidently moving 
wards as the ice slowly retreated. The occurrence in these deposits of act^ 
stations/* or occu^^tion-levels of these people, would seem to indicate 
that the small lakes then existing were frequented by wild-fowl, widch no 
doubt formed an important item in the menu of &e ancient Adjeulian 
and Mousterian hunters. 

At the close of the Early hfousterian period East Anglia apneais to 
have been again invaded by ice, and a wide-spread sheet of Boulder fihy laid 
down. This Boulder Clay is the last well-marked glacial accumaiatlW In 
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the dmitem ^counties, bot» after the ice responsible lor its deposition had 
.diaappearedj»]the climate must have remained, for a time, very cold, as is 
clear itom tbe discovery of numerous remains of reindeer, associated with 
Ifousterian ixnplements, in a deposit uncovered at a depth of about twenty 
feet — in thO; noor of the Gipping Valley at Ipswich. There is not much 
doubt that ^e Upper Palaeolithic races, the Aurignacians, the Solutrians, 
and the Magdalenians, arrived in East Anglia on their hunting expeditions 
towards the close of glacial times, and their ancient hearths and occupation- 
levels have been found in some places buried beneath sand and other deposits 
of, prolxibly, aeolian origin, pointing to a steppe climate in this area. The 
last phase of Upper PalaeolitMc times occurred about 15,000 years ago, and 
was marked by a condition of low temperature resulting in the deposition 
of certain hill-washos. Since the close of the palaeolithic period no great 
geological changes have taken place in East Anglia, and the relics of the 
later, neolithic, pastoral peoples are found scattered upon the present surface 
of the ground. 

It will be seen from this short summary that man has flourished in the 
past in Enj^and, as he did elsewhere, in warm inter-glacial epochs, and that 
to regard all his remains found in this country as referable to post-glacial 
times is entirely erroneous. 

The clear proofs of the existence of man in a limited area like East Anglia, 
from the earliest eolithic period to the end of the Stone Age, is unique, and 
raises important considerations as to the place of origin of the human race, 
which, however, it is be3rand the scope of this present article to discuss. 

Suflicient is it to say that the researches carried out by arch£eologists in 
Norfolk and Suflolk have established beyond all doubt the vast antiquity 
of man ; the fact that he existed prior to, and survived the rigours of, the 
Ice Age ; and that his rise to his present status has been in accord with 
the broad principles of Darwinian evolution. 

8Zm BXCKAJtP PAGET’S TSEO&7 OF TSS VATVBE OF 
KOMAir SPEECH (Sylvia Paget). 

TBSRBare few things more detrimental to an accurate observation of scientific 
phenomena than excessive familiarity with their manifestations. 

This has been clearly proved in the cascof human speech, for it is only by a 
very deliberate effort that we can appreciate its extraordinary complexity. 

Human speech consists of an immensely varied collection of musical 
sounds. These are of several distinct kinds and, in the case of the English 
language, cure broadly classified as Vowel sounds. Diphthongs, Consonant 
sounds, Nasal semi- vowels, Unvoiced consonants, and Plosive consonants. 

At present wc propose to consider only the vowel sounds and the mechan- 
ism of their production. 

It is generally known that vowel sounds, in the human voice, are made by 
the action of the tongue and lips, and that, in voiced speech, the sounds pro- 
duced by the vibration of the vocal chords are converted in vowel sounds by 
modifications of shape in the mouth and throat cavities through which they pass. 

In unvoiced speech, the action of the larynx is suspended, and the air 
passes freely through it, without vibrating the vocal chords. The result is 
the sound that is known as whispering. 

In the English language the vocal chords do not contribute in any way 
to the distinguishing characteristics of the various speech sounds. If aU 
the English si^ch sounds are whispered, they are just as easy to identify 
as when vocafised. Brom this it would appear that the language consisted, 
ht its original form, of whispered, or breathed, sounds, and that the vocal 
diords were later brought into play ; first, to give greater carrying power, when 
eonununlcation by spe^ became more vital, and secondly, to infuse subtler 
tihidite c^Nneaaing, producing what are known as ** inflections of the voice/* 
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Ex^naents in the open air, made to test the carr3riag power of the dif- 
ferent English vowel sounds (when whispered and when vDiced)^ p bbwed that, 
generally speaking, the action of the vocal chords served to increasOthe carrying 
power of the vowel sounds from ten to twenty times. 

During the earlier stages of our inquiry into the nature of hhman speech 
it is obviously simpler to confine ourselves to whispered speech^ and to free 
ourselves of the idea that the vocal chords are indispensable agents in the 
production of vowel sounds. 

It has long been known that the difierent vowel sounds im produced 
by alterations of resonance in the vocal cavity for each vowel ior vowels. 

Willis, of Cambridge (1826), was the first to recognise this fact. He 
reproduced a number of vowel sounds by passing air through a tube of which 
he could vary the length, and so vary its resonant pitch. In this way some 
good vowel sounds were produced, but not the whole series. 

Helmholtz (i860) noticed the presence of a second resonance in some of 
the vowel sounds, such as i, ei, and a (up). He, too, produced vowel sounds 
by means of a resonator and vibratory reed. Instead of a resonating tube of 
difierent lengths, Helmholtz used a resonator made like a hollow sphere with 
a mouth, wMch he tuned by varying the size of the sphere and th© mouth, 
respectively. The larger the ^hcre, the lower the note ; the larger the 
mouth, the higher the note. This is the kind of resonator that we make 
with our mouths. 

Within limits, the resonant pitch of a Helmholtz resonator depends, not 
on its absolute size, but on the proportion between its size and the area of 
its orifice, or orifices. Thus, mouths of varying sizes can produce the same 
resonances, provided they can maintain the just proportion between the 
capacity of the vocal cavity and the size of the orifice. 

This enables us to see why children, with very small mouths, can make 
the same vowel sounds as ourselves, though their ** voices may be pitched 
very much higher. 

Some years ago, Sir Richard Paget noticed that, in every whispered sound 
of his voice, there were always at least two audible resonances. These could 
be made audible to the listener by shaping the mouth as if to make any 
vowel sound, and then driving air into the mouth clapping the hands in 
front of it. It was found possible to keep one resonance constant while 
varying the other, and to make the two resonances move in contrary motion. 

Having discovered the main principles involved in the operation of the 
human speech organs, the next step was to apply those principles to the 
construction of a device whereby the various vowel soundscould bereproduced. 

The first essential was evidently that a resonating cavity should be made, 
giving in each case the two principed resonances heard in the human whispered 
vowels. 

Wiih this intention, a rough model of the inside of the human mouth was 
made in plasticine (Fig. i). Its two principal resonances could be heard 
by tapping the model, or bloving across the mouth ; but these were not the 
same as those heard by Sir Rich^d Paget in Ids own mouth. 

Further experiments were made (Fig. 2}, to trytheefiectof changes of shape, 
corresponding to those produced by the movement of our tongue, ^ps, etc. 

From these experiments it became clear that the human lootartli was 
behaving like two Helmholtz resonators, one in front of the other;^ the wobX 
cavity being divided into two sepahite resonators by the tongue, sdUich aoM 
as a movable partition or constriction. 

FinaUv, models were made giving the two principal resonances df the 
various EngHsh vowel sounds, with sufilcient accuracy to enable Hub wsw^ 
character to be clearly identified. 

These models consisted of plasticine cavities, made In two iwrlAcms^ wiA 
an orifice between them fsee Fig. a). In the earlier modeto, the 
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O0iitiitedof f dulestrip^of to which was set to vibration by blowing 

ato against obe edge. The later models were fitted with brass reeds* like those 
used for tha reed-pipes of organs. 

In their final form the models bear no resemblance to a human mouth ; 
to fact* the shape is not of vital importance* Even the material makes a 
relatively slight difierence to the resonance, as far as the vowel character 
is concerned. Pipes made of wood instead of plasticine, and with cross-section 
square instead of round* gave the same vowel soimds as their corresponding 
plasticine models. 

^e experiment was made of placing two resonators side by side, each one 
having a separate passage from the larynx. Successful vowel soimds were 
also produced in this way. 

It was mund that a variable double resonator could also be made, by 
means of the two hands clasped together, so that the fingers of one hand 
act as the tongue, or variable constriction, while the thumb and first finger 
of the other hand act as the lips to control the front orifice. 

By blowing air into the vocal cavity thus formed through a rubber-strip 
reed, it was possible to produce a variety of voiced vowel sounds. 

We may now recapitulate the principal facts established by Sir Richard 
Paget's succession of experiments. 

Whispered vowel sounds depend on the passage of a ctirrent of air, whistling 
through the vocal cavity. The cavity is divided into two by the tongue. 



Fio. I. — Original model made 
in rough imitation of the 
form and dimensions of the 
human mouth cavity. 



Fig. 2 . — ^Model in final form 
giving 2 resonators in series. 
Vowel sound v. x « Uryns. 


which acts as a movable partition and converts the cavity into two Helmholtz 
resonators, each tuned to a particular note. 

Our ears translate this double whistle ** into a single whispered vowel 
sound* much as our eyes convert two separate pictures into one distinct visual 
imi^. 

By substituting an increased rhythmical air-stream, produced by the 
actioa of the vocal chords, we obtain voiced vowel sounds instead of whispers, 
and thus increase the- carrying power of the sound, with no loss to its vowel 
character. The vowel sound also gains in interest and beauty from the 
possibility of variations in the pitch of the note produced by the vocal chords. 

lbs two resonant pitches of the vocal cavity axe unaficcted by the pitch 
of the vocal chords. 

Whispered vowel sounds can be produced in models by passing air through 
two suitably tuned Helmholtz resonators in series or par^lel. 

Voiced vowels are produced by vibrations of the air, similar to those 
crested by the human vocal chords. 

The shape and material of the resonators is of comparatively slight impor- 
tsnos. 

By a|»pl3dng the same prindples as those used in reproducing the human 
yowatt*^ It has also been possible to analyse the various consonant sounds 
end to leproduee ^em by means of models. 

%ris no exaggeration to say that Sir Richard Paget's models bear luU 
Vftnsis to the complete success of his undertaking. He has found the key to 
f mystify which has been for some time as dose to our ears as it has been 
wleoas OUT uiulefstmiidtog. 


ESSAY-REVIEWS 

▲BBBC&OM8T AKD THS KODS&H SOBOOXi OF WSATKS& 
FOBEGA8TXNO. By E. Y. Nbwnham, B.Sc., Meteorological Omce, 
London. Being a Review of Forecasting Weather, by Sir Napier 
Shaw, F.R.S., Sc.D. [Pp. xliii + 584, 195 figures.] (Ixjndon : Con- 
stable & Co., 1923. Price 36s. net.) 

The present volume is a revised and enlarged edition of Sir Napier Shaw's 
classical work on forecasting weather which appeared in 1911. The merits 
of that book have been so widely appreciated t^th at home and abroad, that 
it is unnecessary to add anything further in that respect. The portions deal- 
ing with researches carried out under the direct supervision of author 
himself, for example those chapters devoted to an account of line-squalls 
and the life-history of surface air currents, are particularly valuable, and 
these are repeated in the present work. At the same time the work of 
Continental meteorologists is not neglected, the methods of forecasting 
advocated by Van Bebber, Guilbert, and Durand-Gr6ville, for instance, 
being critically examined in an instructive way. During a period of several 
years subsequent to its first appearance the edition of 1911 was a very full 
account of the theory and practice of weather forecasting in vogue at the 
Meteorological Office in London. During the last twelve years, however, 
it has gradually ceased to convey an accurate impression of the mental attitude 
of forecasters towards their particular problem, and the need for a new 
edition has been felt for several years. Abcrcromby's Principles of Fore* 
casting may well be described as the basis of pre-war forecasting as practised 
in this country, but they have tended to appeal less and less to forecasters 
both at home and abroad. In Norway, France, and England, many of the 
ideas underlying official forecasts can only be put into words by using expres- 
sions that were never used in the meteorological literature of Abercrotnby's 
time. The extent of the change is not, in the case of our own country, imme- 
diately apparent when the official “ Inferences " of to-day are compart with 
those made twelve years ago. The reason for this lies in the complexity of 
considerations that are taken into account in the preparation of present-day 
forecasts — a complexity which tends always to increase, as the area covere d 
by the network of telegraphic reporting stations becomes larger, and as 
the information transmitted to the central forecasting stations fioni eaeffi 
of the reporting stations becomes more detailed. It is frequently impoiBible 
for a forecaster to express completely his views about the significaiiee of 
the general meteorological situation in a single paragraph suitable for publi- 
cation as a " General Inference." The use of phraseology of a kind sugig^Btive 
of the use of Abercromby's Principles often provides a partial solution of the 
difficulty, for the simplicity of such phraseology is adxnirably suited for tha 
drafting of concise general statements. Its use, however, often results in a 
xmsleading impression being given of the forecaster's views about the sittia- 
tion. For example, he may be led to refer to the probable course of a depres- 
sion the exact movements of which do not really concern him very much, 
since his deductions about the future weather may have been based Ihahdy 
upon considerations connected with the disixibution over Europe and tha 
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Atkmic qi time three very important elements in present-day forecasting— 
the air<fltreams (and their past history), the types of cloud reported, and the 
distribution of temperature both at the surface and at great heights. Sir 
Napier Shaw does not appear to take all the foregoing considerarions into 
account, lor, after quoting Abercromby to the extent of twenty-dve pages of 
the latter's Principles of Forecasting, ho makes the astonishing suggestion 
(p. X47) that ** Upon the general principles there established the modem 
method of forecasting is b^ed/' It is difficult to reconcile this view with 
much that is said in other parts of the present work, and still harder to make 
it accord with much that has been written by others, in the last few years, 
on the subject of weather forecasting. Sir Napier Shaw's own contributions 
to meteorology have tended to make Abercromby's ideas out-of-date, as the 
following example well illustrates. Speaking of the conception of air-motion 
under bedanced forces, for which there is some evidence in Shaw and Lempfert's 
Life History of Surface Air^Currents, he says (p. 207 of the present work) : 

" It is reasonable therefore to regard the normal state of .the atmosphere 
as a steady state of circulation in which gradient is balanced by velocity 
disturbed by surface friction and other causes. This method of regarding 
the nonnal state is the more reasonable because it gives us a normal which 
actually corresponds with the average state as deriv^ from the combination 
of observations the world over and is represented in its main outlines by the 
isobaric lines of the charts of average pressure, whereas an imaginary normal 
state of calm corresponds with nothing that, speaking generally, can bo 
regarded as an average result for any part of the earth's surface. Wo shall 
therefore endeavour as far as possible to keep in view the idea that the 
physical processes which we are considering take place in some modification 
of a steady state of circulation, and not in a quiescent atmosphere. 

** The idea is really essential to a proper understanding of the dynamical 
conditions, and hence of the stability or instability of the meteorological 
situation represented by synoptic chaxts. It suggests that the great streams 
of air, sometimes as much as 1,000 miles tooad, are, from their own 
momentum, features of greater importance from the dynamical point of view 
than the positions of high or low pressure. The impression to be gathered 
from current meteorological literature is that the meteorological situation 
is lejpresented by the meandering of high and low pressure areas in an inert 
medium, the undisturbed air. We are accustom^ to speak of a cyclone 
encroaching upon an anticyclone, or an anticyclone resisting the advance of 
cyclonic depressions, as though there were a neutral field of operations in 
which these encounters take place. As a metaphorical description of a 
sequence of meteorological conditions, this particular form of literature 
has its utility, but the limits of utility are very easily passed." 

The tendency to regard the air-streams as elements of the first importance 
in forecasting, and the areas of low pressure that happen to lie on the left 
of such air-streams as features of secondary importance, has been very 
pmaounced in the forecasting branch of the Meteorological Office for years 
past* and hoa often resulted in the issue of forecasts different from those that 
would have been arrived at by an application of Abercromby's Principles. 
In my case, these prindplos are primarily concerned with the weather near 
the centres of cj^nes, and could therefore only be the main basis of fore* 
casting in regions sul^ected to an almost continuous series of cyclones 
Mmasated from each other by more or less definite wedges of high pressure. 
This is not a nonnal state of affairs for the British Isles, which lie &x to the 
cputfi-east of the usual tracks of the more important Atlantic depressions. 
Ti^we principles were formulated, moreover, at a time when the information 
available for the purpose of mak^g forecasts was very meagre, and when in 
epnsequenoe it was legitimate, say, to assume, in the absence of definite infor- 
mation to the contrary, that the eastward or north-eastward passage of a 
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depression would be preceded bp dull» muggy weather* and woul|L <pQ«iwed 
by clearer* cooler conditions* with passing showers. Nowadayf there is no 
exciwe for making such assumptions. During a spell of cyclmiie weather 
an attempt is nearly always made to anticipate the great and mEten sudden 
changes of temperature and weather that generally occur at such times« not 
by the application of definite rules* but by an examination of both the present 
and past conditions over a wide area. The weather will not, for instance* 
be muggy in front of a depression unless the situation is favourable for 
the arrival of moist air from warmer regions, and it is the businese of the 
forecaster to determine whether such is actually the situation. SmiWly 
as regards the colder, clearer weather that so often follows the passage of 
the '* trough of a depression. It is no longer considered sufficient to pmdict 
the same changes in all such situations, for there is nearly alwa3r8 informa* 
tion available from ships out on the Atlantic to assist in an estiwte of the 
order of magnitude and sometimes even the duration of the expected change. 
If, for example, a depression is followed by a wedge of high pressure of un- 
usual extent — stretching, say, from the Azores to Greenland — ^this will favour 
the south-eastward movement of large masses of air from Arctic regions, and 
a change to much colder weather might be expected. In such a case the 
cold weather would probably last for several days. On the other hand* if 
the passing depression is only one of a series of such depressions, and 
pressure is to bo found over the southern part of the North Atlantic and over 
Southern and Central Europe, but not over Greenland and Northern Canada* 
a less definite and more transient fall of temperature is more likely* fat any 
air which may arrive from the north-west is not likely to have come from 
high latitudes, and the situation is not one which is likely to result in a loiag- 
continued flow of air down from the Arctic regions. 

Jf Abercromby's principles, as has been suggested, make at the most a 
very limited appeal even to those who hesitate to accept many of the new 
theories in their present form, still less will they appeal to advocates of the 
Polar Front Theory and of the present Norwegian System of Forecaeting. 
Whether the new methods are resulting in better forecasts is* of coiirse> 
another question, and one which is not easily settled because the definiteams 
now aimed at is much greater and makes comparison between recent and 
earlier forecasts difficult or even impossible. 

To return to the discussion of the present work, it must not be sumosed 
from the foregoing remarks that there is any tendency in it to bemtb or 
ignore the activities of Norwegian and other ineteorologists who have recently 
sought to develop new systems of weather prediction. A short acoomit xd 
Bjerknes' Polar Front Theory is given and also of L. F. Richardson's 
esting attempt at a quantitative mathematical solution of the iHroblein of 
weather forecasting. Most readers will, however, probably be diMippdinted 
at not finding more space devoted to such matters in a book which, fudgiag 
£rom its title, one would have expected to be a more general discussira ^ 
forecasting, and less a history of the attempts in that direc^n that Imve 
been made in our own country. 

romaoAMrnro wbatxsb w ntBVcn. By e. v. nswhhaii* bbc.* 

Meteorological Office, London. Being a Review of ttaliC 

de Frattone* by Albert Baldit. Second edition, fp^ 4a8 

with 132 figures.] (Paris : Gauthier- Villars et Cie, 1922. Price 24#i^} 

M. Baldit was* during the recent war, in char^ of the Service 
du Groupe des Arm^ du Centre " on the western Front. He was 
ooncemed with the problem of forecasting weather at t^t time for iiiili£|^ 
purges. The jnresent volume is devoted entirely to this problem. iRia 
an enlarged edition of an earlier work* this enlargement b^g nece^lky 
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nrb^pillgr because of the mearches made during the last few years both 
m Vammf and Ftance. 

Among the many items of interest in M. Baldit's very dear and suggmtive 
treatmaut of a complex and difiBicuit subject, one of the most interesting is 
hit diaouasion of Gmlbert's rules of forecasting. M. Guilbert, one gathers^ 
is not gJ^ed with the art of ludd exposition, and has failed to convince the 
majority of the meteorologists of his own country that his rules contain 
anything of scientific value. He has not succeeded in placing the more 
simple and fundamental of these rules upon a sound physical basis, and 
the more elaborate rules seem to most people mutually contradictory in 
many instances. In M. Baldit's opinion, however, the fundamental rules 
concerning abnormal and divergent winds, the succession of cydonic centres 
and ridges of high pressure, are of incontestable value when correctly 
applied. Depressions which give rise to winds on the ground which are 
aimormally strong for the horizontal gradient of pressure prevailing at the 
time wUl, according to Guilbert, “ fil up " more or less rapidly ; with 
abnormaliy light winds on the other hand a deepening of the depression 
is to be looked for. M. Baldit points out that the velodty of the wind for 
a given gradient of pressure depends to some extent upon whether that 
gradient is increasing or decreasing, for. as Ekholm has shown, the wind 
will tend to fit the gradient which existed at an earlier period. Thus, 
with a diminishing gradient, which more often than not corresponds with 
a depression of decreasing intensity, the wind will generally be abnormally 
strong for the gradient, and there will be some grounds for expecting the 
s^tem to die out. This is the only rule for which a simple physical explana- 
tion seems to bo forthcoming at the present time. It is worth noticing, in 
ocmnection with this rule, that where synoptic charts are prepared for intervals 
of about six hours or less, it is not necessary to have recourse to this method 
of determining whether a depression is becoming deeper or not, for this infor- 
mation can usually be derived from a simple inspection of the isobars, baro- 
metric tendencies, etc,, shown on successive cliarts. 

The numerous papers of Bjerknes and other Scandinavian meteorologists 
that have been published during recent years show how dominant in Norway 
baa been the consideration of discontinuities of temperature in the develop- 
ment of new methods of prediction. Such method are probably better 
adapted to countries situated in the belt of prevailing westerly winds and on 
tbi» extreme western margin of a largo Continent, e.g. Norway, Scotland, and 
Ireland. The closer proximity of France to the subtropical belt of anti- 
cyclones, and its more continental position, necessitates that, even if entirely 
different methods are not adopted, at least the Norwegian method shall be 
supplemented by other methods better adapted to such a geographical position, 
tms, at least, appears to be the opinion of Colonel Delcambre and some of 
hisstafi, who have carried the study of isallobars,'* or lines of equal pressure 
change, further than anyone has done before. A French forecaster ** is 
fsnerally able to identify a noyau of rising or falling presstare sufiiciently 
soon to determine its probable behaviour wJ^le it is still of significance as 
a factor determining the probable change in the distribution of pressure 
over Western Europe. Some progress Im been made towards explaining 
the behaviour of these systems, and M. Baldit gives a useful summary of 
the papers by Schereschewsky, Wehrl6, and others, that have been published 
under the direction of Colonel Delcambre. It is greatly to be hoped that 
still further research will be undertaken by these investigators. It is clear 
tiaat a dose connection exists between the noyaux " and the depressions 
1^ anrievdones shown on ordinary synoptic charis, and the hypothesis that 
W velodty and direction of movement of a " noyau is dependent upon 
m wind at some hi^ altitude deserves thorou^ testing. M. Baldit’s 
4 hcui w rie n in the tenth chapter of his of the causes determining changes 
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ol prasure at various levels is of intei^ in tbis coxmectlon» dHliougli it 
contains nothing entirely new. It seems possible that the time is w off 
when the elucidation of every important change in the height of the hpoometer 
will become part of the routine of anyone engaged in issuing forecasts based 
upon a consideration of synoptic charts. Whether this prove to be the 
case or not, the forecasters at the French ** Office National '' evidently find 
the isallobaric " noyau *' an indispensable element in their work. The normal 
procedure there when forecasts are about to be made appears to consist in 
using every possible indication afforded by isallobaric charts. This will 
involve trying various intervals of time when calculating the changes ol 
pressure, in order to select the interval which is most suitable for the kind of 
changes in progress. The deductions made from the isallobaric charts may 
be supplemented by the use of Guilbert^s rules, which still enjoy a certain 
vogue in Franco, if the situation happens to be favourable for their applica- 
tion, The first stop in forecasting is, however, the preparation of a chart 
showing the distribution of pressure to be expected after the lapse of a certain 
interval of time — an interval dependent of course upon the length of the 
period covered by the forecast. When this has been done the forecaster 
passes on to a consideration of the probable weather and temperature that 
are likely to be associated with the S3rstem of winds to which such a dislri- 
bution of pressure must give rise. Although the indications given by clouds 
here play a very important part, M. Baldit has not a great deal to say upon 
this subject ; it is probable that at the time of writing this book he was 
not in possession of full details about the researches then in progress at the 
" Office National *' into cloud-systems and their movements, for the results 
of these researches have only recently been published. 

Enough has now been said to indicate the general character of the work 
under review and its interest for English readers. In the present writer's 
opinion it is a work of great value, to which the author's command of advanced 
mathematical analysis, his wide reading of foreign meteorological literature, 
and his fortunate gift of clear exposition all contribute. 

VO BS, OB BOT VO BE. By R. R., being a review of 

Dssdalus ; or* Science and the Future. A Paper read to the Heretics, 

Cambridge, on February 4, 1923. By J. B. Haldane. Third Editicm* 

[Pp, vii + 93O (London : Kegan Paul,* Trench, Trubner & Co., 1924. 

Price 25 . 6d, net) : and ol 

bams ; or. The Future of Soienoe. By Bbrtra:nd Russell, F.R.$. 

[Pp. iv + 64.] (London : Kegan Paul, Trench, Trubner & Co., 1994. 

Price 25 . 6d. net.) 

Wisdom cannot always follow Wit through the labyrinth of things ; she 
is generally too tall to creep through the crevices which her nimble sister 
enters so readily and illuminates so brightly with her electric torch. Both 
these books, by our two prophets of science, are witty ; but we are not 
convinced that they have thoroughly explored the whole subject. Each 
follows only a single line of conjecture. Desdalus flies along in the blue, 
quite optimistically as regards " science and the future " ; but Icarus hit 
a bad fall regarding " the future of science," and is pessimistic. Have tte 
authors really considered all possible issues before selecting those whidb 
they think probable ? For example, neither book mentions that most ze^ 
markable little work of Sir Flinders Petrie, The Revolutions of CivilisaHan 
(Hamper Brothers, 19x2)— -a book which, if correct, would place quite a 
different view of the future before us. According to him, history strongl|' 
suggests that civilisation moves alternately upwards and downwards in a 
*' sine curve " with a period of about fifteen btindred years ; and certainly 
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very ina^y facts support this view* When we witness the present rapid 
advance el science we think in our haste that the advance wiQ alwa3r8 con- 
tinue. Yet what has actually happened in the past ? Take mathematics, 
for example — ^which practically began with Thales about b.c. 620 and almost 
ended with Diophantus about a.d. 280. This gives a period of only nine 
hundred years ; after which came almost utter darkness until the time of 
Fbrro, Cardan, and Copernicus — ^that is, the fifteenth century — an interval 
of twelve hundred years. What happened to the human intellect in this 
immense period ? It was wandering about among the relics of Greece, like 
the Arabs among Babylonian and Pharaonic ruins. Almost nothing was 
done in mathematics ; and the other branches of science, and literature, 
and even art, were almost equally forgotten during the same period. Is 
it that the mass-unind of men develops and degenerates in a regular sine 
curve ? Is there not possibly behind this some extraordinary biological 
law which we have not yet penetrated ? Petrie suggests that there have 
been eight such cycles in known history; and the stories of science in 
China and India tend to corroborate this view. Our authors think that 
progress is to be continued at the same rate indefinitely — may they not 
be very rash in doing so ? Even if they hold a thousand years to be but 
a small interval, still we have not yet penetrated far enough into the mys- 
teries of biology to predicate that the sine curve will continue for ever. It 
may flatten down to zero some day, when men shall reach the condition of 
degeneracy drawn by Mr. Wells in his admirable Time Machine, But 
without plunging so far into the fog of the future, we have to remember that 
time has already advanced seven centuries from Roger Bacon — what if only 
two 'more centuries of science are left to us ? One thinks sometimes, on 
reading books regarding psychoanalysis and the subliminal self, that the 
end is not so far ofl. There were great men even in India and China — 
once. The creative spirit, in science as in art, appears to be only a rare 
efflorescence of the human tree. Each wave of progress is possibly not 
much higher than the previous wave, but the petals fall, perish, and are 
forgotten in the interval. Then lastly — terrible thought — whole species 
vanish utterly, but for their bones in the desert. 

Another thing which our prophets seem to have forgotten : science 
may advance, but men may reject it. Daedalus imagines some day a system 
of " ectogenesis '* in which selected ova are artificially fertilised by selected 
sperms in vitro. We might deduce from this process a race of magnificent 
human capons. One does not deny that in certain isolated tracts, as in 
England under the rule of the Ultimate Idealists, such a thing may be 
attempted — ^if it is not being subconsciously commenced already. But we 
fear that the whole *' vision " will be rejected in most wild places where 
the voice of the teacher is not so easily heard in the land as the voice of 
the rifle. Men are obstinate ; and, frankly, we can imagine that when 
Dame Nature attends the lectures of our professors she sometimes smiles 
behind her hand. She has been maxiaging these little breeding aflairs for 
many years past ; she has not done so badly after all ; many of her worst 
seemiing failures have proved to become her greatest triumphs ; and Eros 
cam always vanquish Pallas Athene. As in Mr. Wells's romance, the Eloi 
will always be really controlled by the Morlocks, even as regards the con- 
tinuation of their kind ; and both will always he surrounded by a ring of 
virile barbarians ready to enter and take possession. Then again, in spite 
of extensive stock-breeding and pisciculture, we do not possibly know every- 
thing regarding the effect of substituting artificial selection for sexual selec- 
tion. It may breed-out " certain qualities which are really the vita- 
tniines of proi^ss ; and one can imagine a world-population entirely devoid 
of them. One sometimes sees people who look like it ; and India and China 
W before us to-day. 
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Icarus is naturally mudbi more pessimistic about tbe luture ol (racial) 
Hying and doubts wbettor^ in tbe end, science will prove to tiave bean 
a blessing or a curse to mankind/^ But it is not the fault of scienae if loob 
misuse it ; nor need science be abandoned in order to prevent fools doing so. 
If they like to exterminate each other that will only raise the average 
standard of the rest of humanity I War seems to be his principal bugbear : 
but each of our chief diseases kills or maims more people every year than 
the recent war did while it lasted. Slums, poverty, drink, and immorality 
probably cause much more misery. After all, which particular inventions 
have done more harm than good to humanity ? Ask yom friends to name 
those which they would like to see abandoned — ^trains ? motor-cars ? aero- 
planes ? electric lighting ? gas ? ships ? warm clothes ? comfortable 
houses ? sanitation ? medical treatment ? orderly government ? And 
which particular scientific discoveries have injured mankind very materially 
— mathematics ? astronomy ? physics ? chemistry ? medicine ? . . • Bone 
of them t The things which injure humanity are stupidity, selfishness, 
bigotry, superstition, sham politics, and spurious philosophy. Not Science, 
but Nescience injures humanity. 

Nevertheless let us thank both authors for their pleasant imaginings. 
To form one good judgment many false ones must be sacrificed ; and blesa^ 
arc they who can put any new issues before us — ^to be turned and tested in 
the crucibles of thought — rejected — or accepted. 

At one point Icarus takes us nearest the sun. It is of the greatest 
importance to inquire,** he says, ** whether any method of strengthmung 
kindly impulses exists.*' The economist will reply, mend the purse ; and 
the physician, mend the body ; but we can hardly believe in the author's 
humorous panacea of injecting hormones. Yet, on this crowded earth, 
his is the main point. Under their clothes men are much the same from age 
to age. The right prescription was written out and signed nearly two 
thousand years ago. A supreme science did that ; and no science will ever 
do better. 
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OstdCf of Matbematios. Volume I : General. Survey of the History of 
Elementary Mathematics. By David Eugbns Smith. [Pp. xxii + 
596, with many illustrations.] (London : Ginn A Company.) 

We are informed in the first sentence of the preface that This work has 
been written for the purpose of supplying teachers and students with a 
osabto textbook on the history of elementary mathematics, that is, of mathe- 
matics through the first steps in the calculus.’* It is difficult to judge how 
fi&r the book will serve this purpose in America, because in this country 
the history of mathematics is scarcely ever considered by any but mathe- 
nmticians and even seldom by them. The author says that the subject 
is now recognised as an important one in the preparation of teachers of 
mathematics and in the liberal education of students in colleges and high 
schools — ^in America I This first volume is composed almost entirely of 
short biographies of the most distinguished mathematicians, from ancient 
Chinese, Indian, Babylonian, and Egyptian mathematicians, through Greek 
mathematics from 1000 b.c., to European mathematics almost up to the 
present. Necessarily in a volume of only 547 pages each biography is a 
short one; but the stories are accompanied by many portraits, and also 
by many specimens of the handwriting of the subjects, and always by an 
extremely useful list of their principal works. For these reasons the work 
will be welcomed by many who are not engaged in teaching. It might be 
easy to criticise some of the particular biographies, but it must have been 
a h^ task for the author to condense these life-histories so much, and 
we think that he has done the work remarkably well. Whether the reve- 
latbns of J. M. Child in his Geometrical Lectures of Isaak Barrow ” (1918 
(page 4x8), have been sufficiently discussed in the book in connection with 
m priority question between Newton and Leibniz is doubtful. It has 
always appeared to us that Mr. Child’s investigations showed that the theorems 
often atteibuted to th^ latter had been enunciated quite clearly by Barrow, 
with the help of Newton, long previously. With our usual partiaUty for the 
foreigner, we have been tending for a long time past, at least since the time 
of De Morgan, to belittle the former in favour of the latter ; but Child's 
work seems to have established that the latter's contribution to the calculus 
oemsisted of little more than his notation. The work closes with an excellent 
chronological table, and a good index. As Gauss said, mathematics is 
the queen of the sciences ; and the story of it is really much more impor- 
tant than that of kings, queens, politicians, rascals, and criminals, which 
oomtitutes a large part of what is called ** history " to-day. 

A Bmt Ckmxse in Interpolation. By £. T. Whittaker, Sc.D., F.R.S., 
and George Robikson, M.A., B.Sc. [1^. viii 4* 70.] (London : 
Blackie A Son, X9Z3. Price, 55. net.) 

^ late years the student who has been desirous of obtaining a knowledge 
of the theory and methods of interpolation has had to have recourse to 
teoktt Dot oi print, xesearch publications, and books written by research 
Makars In aubjects other than Pure Mathematics, who have required for 

> 4 * 
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their owa use other methods of interpolation than that of ** Proportioiial 
Perts.’* This book will be a boon to such students in the future. It oonsitts 
of the first four chapters of a larger work by the authors on the Calculus of 
Observations, and is intended as a fit book for study by all mathematical 
students in their first year of a University Course. 

The first chapter introduces the student to the operators of the Calculus 
of Finite Difierences, and develops the simple forward difiorence inte^la- 
tion formula. The second and third chapters are devoted to the considera* 
tion of the problem of interpolation, when the given values of the variate are 
at unequal intervals of the argument, and to the development of the formulas 
involving central difierences. The last chapter consists in applications of 
interpolation formulae to other problems than finding the value of the variate 
for a specified value of the argument, such as the problem of sub-tabulation, 
the problem of finding the difierential coefficients of the function, and so on. 
There are numerous worked examples illustrating the methods developed, 
at each stage ; and at the end of each chapter are examples for exercise. 

Not the least part of the book are the historical references to the work 
of other mathematicians in this subject. In this connection it is of great 
interest to note that the authors ascribe the discovery of the fundamental 
formula attributed to Newton to James Gregory. The authors are to be 
congratulated on the production of such a useful book, and should find that 
it satisfies a long-felt want. 

E. C. Rhodbs. 

Conn de MathdmatiQues Spddales. Par J. Haag. Tome IV ; G^omdtrie 
descriptive. Trigonom^trie. [Pp. xi 152.] Exercices du Tome IV. 
[Pp. 154.] (Paris : Gauthier-Villars et Cie, 1923. Price 15 frs.) 

These volumes conclude a lengthy work of which previous parts have 
already been noticed in Science Progress (July 1922, p. 154 ; Oct. 1922, 
p. 308). Except for two chapters on very elementary trigonometry, which 
seem to have been thrown in as a make-weight, they deal entirely with 
descriptive geometry. The general subject is the representation by means 
of two dimensional diagrams of surfaces and cmves in three dimensioxis, 
and the methods are the traditional ones laid down in the main by Motum. 
It is no easy matter for one unversed in the science to say what will be 
the curve of intersection of a cube with a diagonal vertical and a regular 
octahedron with two faces horizontal, and this — ^with their positions and 
dimensions further p^icularised — ^is M. Haag's first problem. He himself 
admits that it is difficult and had better be omitted on a first reading, but 
it is a good example of the t)q)e of question proposed and solved iy the 
methods given in the first of these volumes. From polyhedra, prisms, and 
pyramids the author goes on to cones, cylinders, spheres, surfaces of revolu* 
tion, and quadrics, especially those with real generators. He then deals in 
a practical way with the interpretation and use of contour maps ; the 
exercises have reference to a map of part of the Champagne front in 19x7. 
Finally there are a few introductory remarks on perspective. 

The author thinks it necessary to apologise for the small scale of the 
drawings, but they are really very clear indeed, and are worthy of so good 
an account of a complicated subject. 

F. P. W. 

Prindplet ot Oeometry. Volume ill: Solid Geometry: Quadrics, Cubic 
Curves in Space, Cubic Surfaces. By H. F. Baker, F.R.S. [Pp, 
xix + 228.] (Cambridge ; At the university Press, 1923* Price 
15s.) 

Prof. Baker's third volume amplv fulfils the promise of the fikat two; 
in fact, from some points of view, it is even better, a synthetic treatCMIt 
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at litoy*>dimeniiional geomotry being, perhaps, less familiar to English 

mdses* 

The first two chapters deal with the theory of a quadric surface, defined 
by xneans of its lines, and follow naturally after the theory of conics as 
developed in Vol. II. Particular attention is given to the properties of self- 
polar tetrads and self-conjugate pentads and hexads, as related to the ex- 
pression of the equation of the quadric as the sum of four or more squares. 
The theory, which was much developed by Reyo in the seventies, does not 
usually find a place in English textbooks. The co-ordinates of a line and 
the elements of the theory of the linear complex conclude the first chapter. 
Chapter ii, analogous to the second chapter of Vol. II, treats of the quadric 
in relation to a fixed conic and the properties of spheres, of circular sections 
of aquadric and of confocal quadrics fall into their place and find their 
natural generalisation. 

In chapter iii the author goes on to the curve of intersection of two 
quadrics, and, in particular, to the twisted cubic. This curve is so simple 
and 80 similfi^ to a conic, while afiording an example of something quite 
new, that it surely should be known, in its prineij^ properties, to every 
well-educated person, and not considered as advanced." This chapter 
contains a mine of information about the curve, in summary form, with 
references for further study. 

Chapter iv begins the theory of the cubic surface, taking first the double- 
six configuration. The most elementary synthetic proof of the existence 
of the figure, independent of the cubic surface, is due, as is well known, to 
Prof. Baker himself ; it is reproduced here and occupies a page and a half. 
The cubic surface is then defined geometrically from two pairs of skew 
lanes o, 6 and c, d, and a point O, as the locus of the intersection of the 
two lines joining the pairs of points in which a plane through O meets 
a, h and c, d respectively. From this definition the existence of the twenty- 
seven lines and of a family of twisted cubic curves on the surface 
easily follows and it is then assumed, as is stated explicitly on p. 175, al- 
thou^ *'in so doing we omit an algebraical discussion which should logicaUy 
be given," that the surface so obtained has the generality of the locus ex- 
pressed by the vanishing of a complete homogeneous cubic polynomial in 
the four co-ordinates of a point. Various properties of the surface are 
deduced, and we are then given another defi^tion, by means of tluree re- 
lated star-figures, with the representation of the surface upon a plane which 
Im m ed iat ely follows, llio remainder of the book contains, in tabloid form, 
the Geiser deduction of the properties of the bitangents of a piano quartic 
curve £rom the cubic surface, the reduction of the equation of the surface 
to the Cremona forni (the sum of six cubes) and the Sylvester form (the 
•um of five cubes), the properties of the Hessian surface, a note on the fomr- 
iiodal cubic surface and on its dual, the Steiner quartic surface. Here, again, 
ucr^e references are given. 

wing highly compressed, the book naturally demands close reading ; 
but it is invaluable, both as a store-house of information and as a source 
of inspiration to further research. 

F. P. W 


AStBOTOMT 

IdiVM Ol ih* Son. By S. A. Mitchsu,. [Pp. xvii + 425, with 59 plate3.] 
^Now York : Columbia Univomity ; London : Humphrey Mil- 
10^, 1923. I^ce, 175. net.) 

Tn neoeasity for spedaJisation in various branches of science, which is 
«ootinual}y increasing with the increase in knowledge and the refinements 
observsrion, is strikingly exemplified by the, fact that it is possible to write 
large bwk on a single department of astronomy, namely solar eclipses. 
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Tbe appeal of this subject is undoubtedly great, even to the tiiajotify wlb 
have not been fortunate enough to glimpse the spectacle of a total adhpse, 
but their interest can scarcely fail to be heightened by the insight givea mth 
such descriptive ability by Dr. Mitchell into the di£Eu:ulties and excitements 
experienced by eclipse expeditions and the nature of the problems which it 
is their object to solve. Ihe question of eclipses is treated hrom the historical, 
theoretical, and observational points of view with considerable fullness, but 
in such a manner as to be intelligible to the general reader, who is still further 
assisted by the inclusion of such subjects as have any bearing on the main 
question or which are afifected by the results obtained from eclipses. These 
subsidiary subjects range from brief histories of the earliest civilisations to 
the theory of Einstein, and include an account of the spectroscope with its 
application to solar physics, the constitution of the atom, and Saha's theory 
of ionisation. The book is not ** popular." however, in the ordinary sense 
of the word. The spectroscopic and other related problems are discussed 
in some detail with few omissions even of minor importance, and an excellent 
feature is the copious number of references to original work which are given 
throughout the l^k. Errors are few (the most arresting being the repeated 
misspelling of Meudon), and the book is very well illustrated. It is the 
most complete treatise on the subject which has yet been written, and will 
undoubtedly be of considerable value to a wide range of readers. 

D. L. E. 


thus and llmo-keepers. By Willis T. Milham, Ph.D., Field Memorial 
Professor of Astronomy in Williams College. [Pp. xix -f 609, with 
339 illustrations.] (London : Macmillan Sc Co. Price 30s. net.) 


This book is designed primarily for the general reader, but it will also appeal 
to the connoisseur and to the scientist. The author's aim during the twenty 
years spent in its preparation has been to produce a work such that tto 
answer to every question which might be asked would be found in it, or that 
the exact way of gaining the desired information could be obtained from 
the Bibliography. Many will wish to congratulate Prof. Milham on the 
success of his efforts. Ihe production of a volume such as this is always in 
itself its own reward, but fVof. Milham will no doubt enjoy the additional 

E itification that he has been the giver of information and enjoyment to a 
ge number of readers. 

It is astonishing how many people there are who use clocks and watches 
every day of their lives and who at the same time have not the slightest idea 
of their history and construction, and do not even know how to take care of 
them. No doubt in some cases ignorance is due almost entirely to apathy, 
but there must be many others to whom Prof. Milham's book will be of gresft 
value. It assumes no previous knowledge of the subject, covers the whe^ 
Ifteld fairly thoroughly, and is lucidity itself. Those readers whose primaxy 
aim is to understand the mechanism of time-keepers would do well to begia 
by perusing chapter v, which is a description of the essentials of a ckxdc itk 
ilx simplest form. After that they may use their own discredoa as regardi 
what to read next, each chapter being practically an independent artiw. 
The scientist, and more especially the astronomer, will naturally turn t0 
chapters xvi and xix, which deal with chronometers and precision dlodks^ 
In these chapters the construction and care of these instrmnents are dealt 


with carefully but not too fully, as the book is not designed solely for the 
benefit of the would-be specialist. Still, there are probably many scieatfaHs 
who are somewhat in ignorance of these matters, and the chapters quoted 
will form a pleasurable introduction to a useful study. Furtlm readhig le 
sug|»Bted in the bibliography. 

lliOBe who are interested in the history of the subject and in docks 
watches as works of art in addition to being pieces of mechanism vdl! fikd 
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amt tIi*/«uthor has not lorgiotten them. In this ccmnection tnention must 
hs m < 4 | of tho numerous excellent illustrations and photographs which 
amaat throughout the book. Indeed, the selection of lUustrotiojos seexps 
to oe a wise one from all points of view. 

ICantion must also be made of the excellent classified bibliography. 
Prof^ M ilh am is to be congratulated on the production of a work whidii should 
be very valuable to all interested in the subject, however great their initial 
l^orance may be, and which should certainly in every public or scientific 

w. m;. H. G 

nmizos 

Tba SInictim of the Atom* By £. N. daC. Andrade, D.Sc., Ph.D. [Pp. xiv + 

314, with 49 figures and 4 plates.] (London : G. ^11 & Sons, Ltd., 

1923. Price 165. net.) 

During the last few years, besides monographs covering special branches 
of natural science, there has been published a large number of books purport- 
ing to give a survey of the great change in aspect of the ultimate constitu- 
tiem of matter, from the new view-point which has been reached by the study 
of the spontaneous disintegration of certain elements, and the extension 
of our Imowledge of the various phenomena associated with electrical dis- 
charges. These books have been either semi-popular, like that of Graetz; 
or one-sided and full of specialised mathematics, like the standard work of 
Sommerfeld. Prof. Andrade’s book is far more comprehensive than the 
more readable than the second. It is intended for serious 
students o.f the exact sciences, and the intention is so well fulfilled that any 
member of this class will be the poorer for not possessing it. It is also one 
of the few English books on pure science which is worth reading for its literary 
style alone. Some of the passages, in which shrewd philosophical observa- 
tions are tinged with a lively touch of humour, are strangely reminiscent of 
Henri Poincar6. 

The book is divided into two parts, the first of which is concerned with 
the nucleus of the atom. The pioneer work of Lenard on the passage of 
cathode rays through atoms receives the mention it well merits. Ihe large 
angle scattering of a-particles is next dealt with, and two very fine photo- 
grajf^s by Blackett are reproduced on plate x. Chapter iii describes radio- 
active phenomena and their indications of the probability of isotopes. The 
y^ray spectra, measured directly by Rutherford and Andrade, and indirectly 
to Ellis, are then discussed and the theories of Ellis and Meitner are given. 
Tiie next chapter describes Rutherford's well-known experiments on the 
disintegration of light atoms. A short chapter on positive rays follows. It 
is surprising that the remarkable confirmation of the results obtained for 
USftrcury is not mentioned. In the introductory account of X-ray phenomena 
W* L. Bragg is said to have investigated the intensity of the refiections 
from various faces of a crystal ; and Prof. Andrade objects to the term 
‘^scattered radiation " for beams measured in this way. Surely the reflection 
does not come from the face of the crystal. Tbe author’s term, ” regularly 
rejBectad beams," infers that the phenomenon is one similar to the ordinary 
ndeetion of light from a plane mirror. No such effect has ever been ob^ 
served. It might be expected with very long waves at nearly grazing inci* 
deuce, but W. L. Bragg was not working under these conditions. The great 
diftorence between tto radiation passing into an ionisation chamber in the 
iseesxirement of a " peak,’’ and the radiation scattered by the atoms in other 
di|!0dtk^, is that the first is treated by the ordinary theory of diffraction, 
toil tos second by the quantum theory. The distinction is purely subjective. 
PiOmpB the term " crystal reflexion." spelled with an " x" (page 99)> tefexi 
tototoe other form of scattering which we must not call scattering. On the 

to 
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otber hand» Trot Andrade’ii objection to the practice of otnitting anf aifed; 
of the nucleus from calculations of intensities of X-tay di&raction ih a nh a ia 
is very sound criticism. 

The final chapter of 1 is an introduction to optical spectra* and is 
in itself a little masterpiece. It is also very necessary to the averam stu- 
dent. A large portion of the second part is devoted to an account of Bohr^s 
theory of spec^ and its extensions. The treatment is not new* but the 
great success of the quantum theory in this connection is well brought out* 
The account of Bohr’s later work on the whole periodic system is of necessity 
incomplete. 

The inclusion of a very readable account of the various static atom models* 
so dear to the chemist, is surprising in a book by a fervent of the quantum 
theory. The chapter on magnetism gives a short account of Langevin's 
theory, which, in spite of many difiiculties, still accounts for the mass of 
magnetic phenomena better than the later theories. Probably the earliest 
conclusive proof of the rotatory nature of magnetism was its deduction from 
the Hall Efiect by Kdldcek in 1895. This has evidently escaped the notice 
of the author. The failure of the magneton hypothesis of Weiss is next 
discussed. If the graph of atomic susceptibility against atomic number 
for the metals of the iron group is a smooth curve, as has been suggested 
^ Bohr and Cabrera, then the existence of a magneton is highly improbable. 
Ilie success of the wonderful experiment of Gerlach and Stem is a great 
confirmation of the validity of quantum methods ; but the suggestion that* 
for some quantum reason, an electron rotating in an atomic orbit produces 
twice the magnetic field to be anticipated on the classical theory is an 
extraordinary confession of faith. After this a rather unsympathetic account 
of Whittaker’s magnetic atom model is expected. It is true, however* that 
it has liot yet borne any experimental or theoretical fruit. 

Any commendation of this book comes rather au secours du vainqneur at 
this stage. There is no doubt that the new editions will not lapse into the 
respectability of stagnation. The more things change the more they interest. 

J. H. S* 


Baoant Devdopments in Atomic Theory. By Lbo Grabtz. Translated 
by Guy Barr. [I^. xi+174, w^th 39 illustrations.] (London; 
Methuen & Co. I^ice 9s. net.) 

During the last few years publishers have been inundated with exan^es 
of scientific stocktaking, mainly by British* and German authors. T^ 
standard book for the scientist is that of Sommerfeld, but it is unsuited 
for young students and for a larger public, with little or no mathematical 
^uipment* which has nevertheless a keen interest in scientific progress* 
These lectures by Graetz are intended for these two groups. The transla*^ 
tion* like the ori^nal, is very readable and concise. Here and there, how- 
ever, occur phrases like ” the higher the deflection ” and ” higher wave- 
lengths,'' which, though unmistakable in meaning, are unusual in English. 
To Prof. Graetz himself must be paid the tribute that he shows the true 
scientific spirit in recognition of the work of men of all countries* without 
discrimination. 

The book consists of six lectures. The first deals mainly with the kinetic 
theory of gases* and the author points out that Kelvin’s vortex atom may 
yet help us to the realisation of a model of sub-atomic structures* although 
it must be discarded as a representation of the atom itself. The second 
lecture deals with the discontinuity of electric charged in electrolyafa rad 
vacuum-tube phenomena* and also gives rraioductiona of Aston’s ifiatoa 
obtained with his mass spectromph. Radioactive phenomena* wim 
nuclear theory and the theory of isotopes* are dealt wito in the third lectme^, 
whilst the fourth deals with X-ray spectra. The reason why Graetz ineisis 
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tb^it ^ %ny reflection the glancing angle most be small, t.s. incidence 
neaidy graadng, is obscure, and the restriction seems unnecessary. The 
flfth ana sixth lectures deal mainly with :3ohr*s theory of spectral lines and 
his models of electron distribution. A mention is made of the various 
geometrical theories of electron shells, but no account is given of them. 
It is true that up to the present they have not done any great service for us. 

The book is not a critical survey of existing theories, but a short and, 
compared with its brevity, a remarkably complete account of them, without 
attempt at analogies which are supposed to appeal to the popular mind. 
It is not an attempt at popular '' science. 

J. H. Smith, 

Physios. Mechanics, Heat, and Heat Engines. By W. J. R. Calvert, M.A. 
Science for All Series. [Pp. x + 260 with 106 illustrations.] (London : 
John Murray. IMcc 3s. 6 d. net.) 

This is a useful book on modern lines and undoubtedly well suited as a 
general reader to accompany the practical science course of a secondary 
or high school. The book will perhaps be most appreciated in the less 
academic parts dealing with the practical applications of scientific principles 
to daily life. 

W, C. B. 


tXST&T 

Lead : its Ooourrences in Hature, the Modes of its Extraction, its Properties 
and Uses, with some Account of its Principal Compounds. By V. A. 

Smyths, Ph.D,, D.Sc. (Monographs on Industrial Chemistry.) 

viii + 343, with illustrations.] (London : Longmans, Green A 
Co., 1923. l 4 ice, 165. net.) 

Lead shares with sugar the honour of being one of the purest substances 
obtained on a commercial scale ; but, whereas the books dealing with sugar 
are almost legion, lead has been relatively neglected, so Dr. Sm3d:he's excellent 
rteum6 of the subject will, for that reason, be doubly appreciated by chemists 
and metallurgists. Technical detail has, to a great extent, been sul^rdinated, 
and, although attention has been given chiefly to modem methods, many of 
the older processes have also been dealt with either by reason of their intrin- 
sic chemical interest or as the forerunners of modem methods. Stress has 
also been laid on the historical aspect of the subject and on the mutual rela- 
tkms of lead and its compounds in nature. 

The greater part of the book deals, of course, with the extraction and 
metidlurgy of lead ; but there are chapters also on the history of lead, lead 
aUo]^, compounds of lead, and lead poisoning, so that the work is fairly 
comprehensive. 

As the author points out, the development of the subject has been dis- 
tinctly empirical, and it is to be hoped that the present careful and concise 
work may help in its way towards providing a more exact and scientific basis 
fer the future development of this important industry. 

F. A, M. 

Ckmlfemioe mt andqiifla ProbMmei actndf de la Ohimie Phyiiatie et Coemioiia 
fljkttee A rUnitamitA da Padi an avril at mai 1922 . Par M. Svante 
AerhAnius, X20.] (Paris: Gauthier- Villars et Cie. Price 

ro frs.) 

In tUs very interesting book the author discusses a number of subjects which 
fearmad part of the studies to which he has devoted his life. There are 
assays In all, two poroblema much to the fore in physical chemistry; 
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(z) the third law of thermodynatmcSi (a) the dissociation of strcmg eleetro* 
lytes^ and (3) the theories of Bjenrnm and Ghosh, (4) a problem #hich 
of far-reaching importance to humanity at large, the world^s sources of 
ene^, and (5) an astronomical problem, the evolution of celestial bodies. 

The chapters on ph3rsical chemistry are very valuable risumSs of the 
present position and will prove extremely useful to teachers, and to research 
workers in this field. Perhaps the most interesting chapter, if one be per- 
mitted to choose among so much excellence, is that on the world's source of 
energy, particularly those parts bearing on the future of this country. We 
are very badly situated with respect to our supplies of all kinds of available 
energy, for our greatest asset, the coal supply, will be exhausted within 
zoo years. The author predicts that industry will be ultimately transferred 
to the more accessible regions of America, Africa, and Asia. In the last 
chapter ho applies the modern theories of Saha and Eddington, etc., to the 
formation and dissolution of the celestial bodies. Incidentally, he examines 
the question of the conservation of solar energy and ascribes the unaccount- 
ably large ovoluticm of energy to the dissociation of the atoms which occurs 
at the high temperatures in the interior of the sun. 

This book is of wide interest to all scientific men. 

W. E. G. 


Theoretioal Chendstry. From the Standpoint of Avogadro's Rule and Ther- 
modynamics. By Prof. Walter Nbrnst. Translated by F. W. 
CoDD, M.A. [Pp. XX + 922.] (London : Macmillan A Co., 1923. 
Price 285.) 

It is thirty years since the first edition of this book appeared, and, during 
this period, it has always been one of the foremost and perhaps the most 
important treatise on theoretical chemistry. The present translation is 
based on the eighth-tenth German edition, 1921. Eight years had elapsed 
between this and the previous edition, and numerous additions have been 
made to bring the book up to date. Certain sections, dealing with the 
periodic system of the elements, the structure of the atom, the application 
of X-ray spectroscopy to crystal structure, radioactivity, quantum theory, 
etc., have been widely modified and many minor additions arc to be found. 

The selection of those ideas of the modern science of to-day which will 
prove of permanent value in the future, is not an easy task. The choice 
made by an author will depend very largely on his views as to the future 
of the science, and he will naturally think those sections more important with 
which he is the more familiar. If the selection is carefully cairied out, Ihe 
book will not be a mere jumble of isolated ideas, but will form an organic 
whole, embodying not only the groundwork of the subject but ateo the 
considered views of one school of thought. It will not follow, however, that 
it is a complete survey of the subject, or that a student would be advised 
to confine his reading entirely to such a book. 

In his textbook. Prof, Nemst not only deals with the fundamentals of 
the subject, but advances some of its sections up to the forefront of knowledge. 
Tlfis is so with the quantum theory and its application to the solid state, we 
third law of thermodynamics, Tammann*s work on mixed crystals, Ghosh^s 
theory of electrolytes, etc. Certain advances in recent years, to mention 
only a few, have received only slight attention, e,g, valency, complete disjioefyi** 
tion of electrol3rtes and the modem activity theory, the work of Kraus on 
metallic solutions and the structure of metals, membrane equilibria, and 
the recent applications of physical chemistry to colloid chemistry, etc. 

The book meets the needs of two classes of students, those reading ^ 
a first degree, and those carrying out original work. For the former, iln 
book is rather too long, and students wiU need help in selecting suttibti 
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Mirtic^ to read. It would have been helpful if the author could have 
iudica^ the sections suitable for a first reading. Post-graduate workers, 
while finding it a very useful book of reference, will require to consult other 
books if they are to gain a comprehensive grasp of the modem trend of 
thought in theoretical chemistry. 

In view of the subsequent criticism of the Ghosh theory, it would appear 
that its inclusion in the ^ok was premature. Also, the statement that four 
positive and two negative electrons form the doubly charged nucleus of the 
helium atom/' is not so certain as was thought a few years ago. 

The new edition is very welcome, and should form part of the library of 
all students of chemistry. 

W. E. G. 

Vho Determination ol Hydrogen Ions* An elementary treatise on the hydro- 
gen electrode, indicator, and supplementary methods, with an indexed 
bibliography on applications. By W. Mansfield Clark, M.A., Ph.D, 
Second Edition. [Pp. 480, with 42 figures.] (Baltimore: Williams 
& Wilkins Co., 1923. IMce $5.50.) 

No adequate definition of the concentration of an ion has yet been given 
and it is not surprising that the methods employed in the experimental 
determination of hydrogen ion concentration should not yield consistent 
results. Fortunately the discrepancies are not very marked in solutions of 
weakelectrol3rtes and such methods may be used with a fair degree of accuracy 
fmr the solution of problems in many branches of science. There is, however, 
the possibility of serious error through a wrong choice of experimental 
method, unless the worker has a wide practical knowledge of such measure- 
ments or is able to refer to a comprehensive treatise on the subject. The 
author's book contains valuable information on the practical and theoretical 
aspects of hydrogen ion measurement, and the material which is presented 
has been carefully selected from a bewildering mass of original literature. 

The author has very wisely chosen to retain the conceptions in common 
use, although he agrees that concentration may have to be replaced by 
activity in the near future. It is as yet uncertain whether the introduction 
of a thermod3mamic basis will remove those inconsistencies which arise from 
the use of the more concrete model. It is rather doubtful whether, as the 
author states, measurements with the hydrogen electrode give the hydrogen 
ion concentrations in terms of a common experimental system of reference. 

The most important sections of the work are perhaps those on the tech- 
nique and use of indicators, colorimetry, hydrogen electrode, etc. Summaries 
are given such as those of the selected indicators of Sdrensen, Clark and Lubs, 
and Micbaelis, together with a list of their trade synonyms which are not 
found collected together in any other work of reference. Many of the indi- 
vidual peculiarities of indicators and their behaviour in protein and salt 
solutions are discussed. The preparation of " buffer " solutions, ranging 
from — I *2 — 12 *0, and the theory of their use with indicators are treated 
equally fully. The vagaries of the hydrogen electrode, the uncertainties 
of the Uquid junction, the use of potentiometers and standard cells, and all 
time pn^cal details which are so troublesome to collect from the original 
literature are described in an interesting manner. Chapters on reduction 
and oxidation potentials, on the errors of electrometric measurements, on 
supplement;ary methods of measuring hydrogen ion concentrations, and on 
^ applications to dififerent branches of science are given. The very full 
ifiblic^^phy (X07 pages) contains practically all the references on the subject, 
and tbs book condudes with an appendix of useful tables. 

< The faookahotdd prove a padi-msetmiot workers with those elusive ot^ects, 
tiiva hydrogen ions* 


W. E. G. 
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d« (Sliiiito CUloUila. Bar Evuvm Vblukose; ooi, 
with 21 figures.] (Peris: Gauthier Villars ct Cie, 1933. IWoe ro 
frs.) 

This book is a translation of the completely revised* fourth German edition 
of the well-known practical book by Dr. Wolfgang Ostwald. It contains 183, 
including 15 new, exercises on colloid chemistry which have formed the 
practical course in this subject at the Institute of Physical Chemistry of the 
University of Lemzig. A theoretical introduction is given before caOh set 
of exercises (see Science Progress 1924, 72 . 655). 

It is one of the best practical books on practical colloid chemistry. 

W. E. G, 


The Electron in Ohemistry* By Sir J. J. Thomson, O.M., F.R.S. (Pp. 

V + 144.] (Philadelphia : J. B. Lippincott Co., 1923* 'Pric^ los, 6a.) 

This book contains the substance of five lectures delivered by Sir J. J. 
Thompson at the Franklin Institute, Philadelphia, and is an account of the 
first serious attempt to deduce the properties of chemical substances in a 
quaiUikUive manner from their sub-atomic structure. The author believes, 
and most chemists will agree with him, " that the introduction of the electron 
will Ixreak down the barrier of ignorance which has divided the study of the 
properties of matter into two distinct sciences, physics and chemistry." The 
success which the author has already achieved in this direction goes far to 
ifupport his contention. 

^e electronic theory of matter, as developed by Bohr, has not yet been 
applied to chemistry in a quantitative manner. In its present form, it is 
perhaps too complex for this purpose. The author ignores this hypothesis, 
and commences assuming a law of force between the nucleus and electrons 
which leads to a structure of the atom in agreement with the facts of chemistry. 
With it. he deduces the number and arrangement of the electrons about the 
nucleus, the size of the atoms, and arrives at a periodic relation between the 
elements which agrees closely with experiment. In the second chapter 
he develops an electronic theory of valency which in many of its aspects 
resembles that of G. N. Lewis and Langmuir. The " octet," however, takes 
the form of a twisted cube, and this modification brings the octet theory 
more into line with the ph3rsical properties of chemical compounds. On 
account of the quantitative basis, and the distinctive treatment of polar 
and non-polar valency, a very marked advance has been made. A polar 
compound is defined as one having a finite electric moment, and non-polar 
substances are those for which the electronic moment vanishes. The six 
pages on the connection between chemical constitution and chemical pro- 
pe^es show clearly its value to chemists. For example, a simple explanation 
is given of the increase in acidic properties which occurs when methyl alcohol 
is converted into formic add. The chapters on residual afiSnity and the 
mechanism of chemical combination are full of suggestions. One realises 
that chemistry, even its organic branch, must be "something mare than 
free-hand drawing." The last chapter is devoted to a study of the solid 
state, to the compressibility of solids and their surface tensions, and the 
results are applied to mixed crystals and intermetallic compounds. 

It is a critical discussion of the chemistry of matter which not only outlines 
the path by which chemistry may become more quantitative, but also enriches 
the subject with a wealth of material drawn from a lifelong experience m a 
sister sdence. 


W. E. G. 
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Qki Oaologf of ttia MetiOUeroiia DqKNdti. By R. H. Rastail, Sc.D., 
M.ln8t.M.M. [Pjp. xii + 508, with Si figures.] (Cambridge : at the 
University Press, 1923. Price 21s. net.) 

Thb fundamental note of Dr. Rastall's book is the treatment of ore deposits 
as rocics. He has sought, in the first place, to give a general account of ore 
deposition in the light of modern mineralogy and petrology ; and, secondly, 
to illustrate his points by the description of typical examples. Since they 
are rocks, ore-dc^sits have to be dealt with by petrographical methods, and 
the book is therefore strong on this aspect. Dr. Rastall is a great believer 
in the igneous origin of metalliferous ores ; but the distinction between the 
ultimate source of the material and its immediate mode of origin, is always 
kept in mind. An instructive example is that of the nickel ores of Sudbury 
(Ontario), which were unquestionably brought in by the great Sudbury 
intrusion of norite. But it can still be held that the ore was deposited in its 
present form mainly by hydrothermal agencies acting some time subsequent 
to intrusion. 

The book is about equally divided into two parts, the first on General 
Principles, the second Descriptive. The introduction deals with the general 
composition and constitution of the earth. Then follow chapters on the 
igneous rocks, the sedimentary and metamorphic rocks, the relation of water 
to ore deposition, forms of ore deposits, composition and character of ore 
deposits, classification, relation of ore deposits to external influences (treating 
of such subjects as secondary enrichment, oxidation, weathering), metallo- 
genesis, metallogenetic zones, and mineral formation. These chapters form 
an excellent compact summary of the principles of ore deposition. 

The second pa^ of the book contains succinct descriptions of an extremely 
well-eelected series of typical examples. These are classified on the basis 
of the principal metal involved ; hence, there are chapters on copper, iron 
tin deposits, etc. A feature of these descriptions is their geographical 
catholicity. They are drawn from all parts of the world, and are neither 
practically restricted to North America, as in some recent American texts, 
nor to European occurrences, as in a recent German work. 

Thi scientific rather than the commercial value of the examples has been 
the criterion of selection. Hence we are glad to see extended descriptions 
of the iron, lead, zinc, and tin deposits of our own country ; and descriptions of 
universally known ore fields within the British Empire, which figure but 
rarely in textbooks ; such fields, for example, as the copper ores of Namaqua- 
land, the tin of Malaya and Nigeria, the lead and zinc of Broken Hill (N.S.W.) 
and of the Bawdwin Mines, Burma, the iron ore of Wabana, Newfoundland, 
the tungsten ores of Tavoy, Burma, and the goldfields of Mysore and of the 
Borcufflne region of Ontario. 

The book is well printed, but, in order to keep down cost and size, it is not 
o^rburdened with illustrations. Misprints and mistakes are few ; onf p. 
372 the thickness of the Insizwa picrite seems to have been multiplied 
ten, and Fig. 44 (Skorovas Mine, Norway) is divorced from any connection 
with the text; 

The book is to be recommended as certainly the best and most up-to-date 
text on ore deposits from the British side ; but its leaning towards igneous 
origins will not commend it to some geologists. 

G. W. T, 

QMoglO Stmotmei* By Bailbv Wilus. [Pp. xi + 295, with 10 plates 
and Z2X figures.] (New York and London : McGraw-Hill Book Co., 
1923. Price 175. 6a. net.) 

Tm$ book describes geological structures such as stratification, flexures, 
loldii^ Joints, faults, and cleavage, and applies the principles of mechanics 
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to their interpretation. Thus it clears the groimd lor the discuseicm of tlbe 
larger earth ^oblems such as orogeny and epeirogenVi although the scope 
of the book does not take in these subjects. The subject has also a 
practical aspect in the problems of the winning, extension, and valuation of 
economic geological materials. 

The interpretation of rock deformation rests on considerations of the 
strength of rocks, the arrangement of strata with respect to their relative 
strength or competency, their load and depth of deformation, and on the 
measure and temperature conditions obtaining during the defonx^tion* 
The forces which result in the deformation of rocks are eveiywhere existent, 
and always active or ready to act ; they are gravity and molecular forces 
such as adhesion, cohesion, and chemical affinity. Pressure and heat are 
regarded as secondary agencies inasmuch as they depend on the two primary 
forces ; but, as they are the immediately effective agencies, they have to be 
recognised as the proximate causes of deformation. Incidentally Willis's 
discussions and an^yses expose the mechanical impossibilities of the more 
extravagant kinds of folds and thrusts in which we are asked to believe by 
certain Alpine geologists. 

The nine chapters of the book deal successively with stratification, mech- 
anical disturbances of strata, joints, structures of igneous rocks, faults, 
cleavage, mechanics of rock deformation, field methods, graphic methods, and 
practii^ problems. The chapter on the mechanics of rock deformation is 
the longest and the stiffest to read : but, while attention is denuoided, the 
subject is put in the most lucid manner, and is perfectly understandable by 
readers who may have little acquaintance with the mechanical principles 
involved. The chapter on field methods, while admirable in itself, does hot 
quite fit in with the scheme of the book. It contains, however, a valuable dis- 
cussion of surface forms in so far as they help in the understanding of under- 
ground structures. The final chapter gives some useful geological geometry, 
gra^cal methods of determining thicknesses, strike, dip, and outcrop. 

The author is alive to the horirontal displacement that must occut in 
trough-faulting as it is ^nerally conceived and figured (p. 76). Also, with 
Shepard, Willis is sceptical of the alleged greater abundance of “ normal " 
faults with respect to reversed " faults ; or, at any rate, their number and 
importance have been exaggerated (p. 52). 

There are appendices giving dip tables, a proof of the law of maximum 
shear, and a striking series of plates illustrating Willis's experiments in 
folding, taken from his Mechanics of Appalachian Structures, The only slip 
we have been able to discover is the omission of the letters MN from Fig. 
3 (P- 9 )- , 

The book constitutes a technical and advanced study, and it will prove 
invaluable to students of the larger problems of earth structure. 

G. W, T. 


Bovjjrr AVD AOBzcvx«inis 

B — M P *i of niot Bdogy. By A. G. Tanslby, M.A., F.R.S. [Pp. 420. 
with 63 figures.] (London : George Allen and Unwin, 1933. Price 
105 6 d. net.) 

A NUMBER of elementary textbooks of botany have appeared during tite 
years since the 'w, but this one difiers from most works of a similar so^ 
in a number of important ways. In the first place, more attention is given 
to facts of general significance in biology. At these can be best Ulustnried 
by reference to lower forms of life, we mid in oonaequenoe considerably moro 
roace devoted to lower plants than is usualin efiementary botanical textbooke. 
Thus non-vaicular plants account for ahont half the booik. In treating t&g 
higher plants, a good general account of structure, function, and de v e l op B Witi, 
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It BO that the reader should obtain a dear view of the mode of life 
of txK^ plants. More attention is given to what may be termed the general 
pbydology of the cell, and this matter is introduced quite early in the book. 

The brok thus difiers not only to some extent in content, but more parti- 
cularly in arrangement, from the majority of elementary botanical textli^ke. 
After an introductory chapter on the characteristics of plants and animals 
and the scope of biology, two chapters deal with the chemical and physical 
characters of organic substances. The next chapter introduces the reader 
to protoplasm and two simple organisms, Amoeba and Protococcus, a simple 
animal and a simple plant. After a chapter on vital functions come three 
chapters dealing respectively with the cell, the green plant, and the colour- 
less plant cell as exemplifi^ in the yeast plant. In the chapters which 
follow dealing with various lower plants, saprophytism and parasitism are 
dealt with in relation to bacteria and fungi, the origin of sex and of the 
soma with the green algae, differentiation of tissues with the brown algse 
and life on land with the Bryophyta. The remaining chapters deal with 
the structure and life-history of the flowering plant. 

The author is much to congratulated on providing a book which gives 
a sound and interesting introduction to the principles of plant biology, and 
which is not a mere catalogue of facts of structure interspersed with remarks 
on physiology illustrated, for the most part, with simple and inadequate 
experiments. The book is intended primarily for medical students, and the 
reviewer knows of no other elementary textbook he would more willingly 
recommend for this purpose. The book should also be of interest to the 
general reader who is not working for examinations and has no intention of 
specialising in scientific work. Every intelligent person should have some 
Imowledge of the principles and scope of biology. This book will supply 
him with this knowledge as far as plants are concerned. 

W. S. 

lAboTitory Manual ol Fruit and Vegetable Produots. By W. V. Cruess, 
B.S., and A. W. Christie, M.S. [Pp. vii 109.] (Now York and 
Tx)ndon : McGraw Hill Book Co., 1922. Price 7s. fid net.) 

This manual provides further evidence of the vigour of the College of 
Agriculture of the University of California, whose staff has provided a 
number of first-class works on applied plant sciences during the last few 
years. The book in question gives directions for the examination and testing, 
and in some cases for preparation, of canned fruit and vegetables, fruit juices 
and syrups, jellies, jams, marmalades and preserves, candied fruits, dried 
fruits and vegetables, . essential oils, vinegar, sauerkraut and pickles, fruit 
adds and olives. A last section deals with the preparation of museum 
specimens. It will be seen, therefore, that the ground is well covered. 
Methods of analysis and a table of refer nces conclude the book. 

The book is intended in the first place for use in agricultural colleges and 
domestic science schools, but, as the authors say, ** much of the information 
given is of value to growers, manufacturers of fruit gnd vegetable products, 
food inspectors, and chemists, home demonstration agents, and girls' club 
leaders, and teachers of agriculture and of domestic science in secondary 
schools. W. S. 

fiM Manuring of Qrass-Land lor Hay, By Winifred £. Brenchley, D.Sc. 
[ 1 ^. yiii -f 146 + 22 figures,] (London : Longmans, Green & Co,, 
1924. Price I2S. fid. net.) 

Tim is one of the Rothamsted Monographs on Agricultural Science. The 
natture and the quality of the work conducted at the premier agricultural 
ai^periineiri; atation are ol such importance that it commands the respect of 
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l^pjcoitural scientists throughout the world, while its prseticsl hiSfiitg 
is suihdently important as to appeal to the more widespread hirihii^g 
community. In 1856 Lawes and Gilbert laid down the now worJd-lamouB 
Park Grass manurial plots and at the end of twenty years published their 
results. Since then a large mass of data and material has accumulated in 
respect of these plots, and the very complete records have not only had 
reference to the effects of manuring on 3deld, but also on the composition of 
the herbage. In the present monograph. Dr. Brenchley has succeeded in 
compressing this data into a form which is most intelligible, while the various 
deductions are not only hi^y instructive, but they are reinforced with that 
measure of reliability which can only be secured where an experiment is 
continued over a great number of years. 

The first main section of the monograph deals with the effect of manures 
and lime on the individual plots, noting the herbage t3rpes and changes as 
well as 3n[eld variations, while the second section is most valuable in its 
treatment of the effect of manures and lime on individual species. In the 
interpretation of the results it is recognised that allowance must be made for 
the fact that the volume deals solely with the Rothamsted plots, which are 
situated on a heavy soil in a fairly dry climate. Nevertheless, as a guide 
to future experimentalists it is rich in suggestions, as well as being a model 
of conciseness. 

H. G. R. 


Bxtinot nants and Problems In Evolution. By D. H. Scott, M.A., LL.D., 
F.R.S. [Pp. 240, with Frontispiece and 63 figures.] (London ; 
Macmillan & Co., Price los, 6 d. net.) 

There are few botanists living so well qualified to deal with the subject of 
extinct plants as Dr. Scott, and in these pages we have a summary of the 
salient features regarding the vegetation of the chief geological epochs, em* 
bodying the mature experience of a lifetime devoted to the study of ifoaail 
plants. It is significant that, despite Dr. Scott's unrivalled knowledge, or 
rather perhaps we ought to say because of it, there is little of theory or specu- 
lation. Indeed, beyond pointing out that the results are on the whole favour- 
able to the Darwinian conception of evolution, the author is content to leave 
us with the facts, and these are themselves sufficiently interes^g. 

Following an introductory chapter treating of evolutionary theories 
the second is concerned with the Tertiary epoch and the abrupt appearance 
of highly organised Angiosperms in the Lower Cretaceous, suggestive of a 
long history of which we have no knowledge. This imperfection of the record 
of the rocks is again brought home to us in the occurrence of the advanced 
Gymnospermous stem Palaopiiys mUleri in the middle Devonian. Thus, 
almost contemporaneous with the simple, or very possibly reduced, plants 
of the Rhynie chert, there were probably land plants of a very complex 
organisation whose origin is wrapt in mystery. 

Chapter iii is concomed with the Mesozoic era of C3;cadqphyta, which 
flourished from the Middle Cretaceous right back to the Upper ^nfassic, being 
represented in the later horizons by the Cycadeoideacess and in the earlier 
by the Williamsoniaceas. As we should expect, Dr. Scott writes very guardedly 
of the suggested relationships between the latter family and the Angiosperms, 
and whilst admitting the striking analogy '' he says that ** after all, a wide 
gap remains.*' 

The fourth and fiifth chapters deal with the Permo-Carboniferoua Floita, 
with its Pteridoaperms, Lepidodendrse, Calamites, and Cordaitess, whilst the 
last chapter treats of the I>evonian Flora already referred to. 

The plants of the various horizons are simply described, but. though the 
work is intended to appeal to non-botanical students, we fear that ^tbemt 
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H Uix knowledge of this snt^ect a great deal of the text would have but little 
ij^^galficauoe to the reader. It is the anatomical viewpoint which is chiefly 
em|ftiasised, and one cannot but' regret that the fascinating subject, of the 
geographical distribution of the floras of the past has not received fuller 
treatment. 

E. J. S. 

Item Sofl and its Improvements. By Sir John Russell, D.Sc., F.R.S. 
[Pp. vi H- 126, with 37 figures.] (London : Ernest Benn, 1923. 
Price, ys. 6d. not.) 

This little book is written specially for the farmer, and aims at giving infor- 
mation with regard to the soil, soil fertility, and manuring which should 
guide the practical man. The information has all been ol^ined at first 
hand and is given briefly and in very readable form. As the author says 
in his preface, farming is too complex to enable the formulation of prescrip- 
tions for general use ; the broad principles relating to farm soil and its 
improvement are therefore set forth with typical illustrations to show how 
they are to be applied on particular farms. It must alwa}^ be left to every 
Individual to apply the principles to his own case. 

The book is well produced and the illustrations arc, for the most part, 
of high quality. 

W. S. 


SOOXiOOT 

Outlines of Evolutionary Biology. By Arthur Dbndy, D.Sc., F.R.S. Third 
edition (revised and enlarged). [Pp. xliii -f 481, with 190 figures.] 
(London : Constable & Co., 1923. Price i6s. net.) 

Prof. Drndy is to be congratulated on the success of this book, the first 
edition of which was published in 1911, and the second, which has been re- 
printed several times, a year later. The book is intended for those who have 
no biological training as well as for students of biology. The chapters are 
grouped under five headings, namely, the structure and functions of organisms, 
the evolution of sex variation and heredity, the theory and evidences of 
organic evolution, and the factors of organic evolution. Throughout the 
treatment is physiological ; in the first chapter an animal or plant is described 
as a complex and extremely delicate piece of mechanism, constantly employed 
in collecting energy directly or indirectly from the sun's rays and in using 
that ener^ to maintain an incessant struggle against the destructive forces 
of the environment. ^ In the chapters on the evidences of evolution the modi- 
fications of the pentadactyle limbs of vertebrates in adaptation to different 
functions are described, and many other examples are given to justify the 
author's conclusion that “ wherever we turn we find that novel requirements 
are met, not by the sudden creation of new organs, but by the gradual modi- 
fication of old ones." After detailing a number of highly specialised and 
precise adaptations Prof. Dendy states that it is obvious that no theory of 
evolution can be regarded as satisfactory which does not ofler some explana- 
tion of their origin. With regard to theoretical questions the various opinions 
that have been and are held are fairly stated, and the author's attitude 
towards controversial matters may be indicated by his own words. " In 
dealing with problems of this kind a rational conservatism, with a mind 
alwjm open to conviction, seems the only safe attitude to adopt." 

Ihe book is full of information, is admirably clear and well written, and 
is distinguished by sanity and moderation, qualities that are sufficiently 
rare nowadays to deserve special mentioii. 

C. Tatb Rbgaiv. 
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Vht BloloiF of RMfak By J. Avmju TaoiidOM, M.A., LL.P,, Pirofetiar of 
Natural History in the University of Aberdeen. [Pp« xi •¥ 4361 with 
nnmerons illustrations in the text and 9 halftone plates.] (London : 
Sidgwick Sc Jackson, Ltd., 1923. Price i6r, net.) 

Tms volume is one of a series, The Biology of the Seashore being another that 
has already made its appearance, whilst others are 3^t in preparation. The 
general idea of the series is an excellent one. In the present instance it has 
been put into effect in Prof. Tliomson's most characteristic style. In a 
wholly delightful and masterly manner he has applied the more general 
concepts of biology — variation, heredity, behaviour, adaptation, etc. — ^to 
birds. 

Almost faultless typography, a good index, and a useful bibliography 
help to make the volume one of the most attractive bird books tlmt haa 
made its appearance for some time. It is, moreover, excellently and liberally 
illustrated, though it might be well to point out that Fig. 19 (p. 77), illus- 
trating the flight of the heron, is very misleading. A bird with its wings 
upraised in flight is temporarily at a lower level than when its wings are at 
the end of the down-stroke, which is exactly the opposite to what is hap- 
pening in the illustration. 

Amongst biologists generally birds appear to have been greatly neglected. 
The ornithologist as we know him in the main is a student of skins and habits 
and cares little for the wider fields of biology. It is a pity that such a separa- 
tion should exist. The present volume, with its wealth of information and 
thought -provoking suggestion, is an admirable illustration of what the welding 
of these all too frequently separated interests can achieve. It cannot fail 
to stimulate a study of the many unsolved problems that confront the orni- 
thological biologist. 

W. R. 

A Praotioal Handbook of Britiih Birds* Editor : H. F. Withbrby, F.Z.S., 
M.B.O.U. Authors of the various sections : Ernst Hartbrt, Aknib 
C. Jackson, Rev. F. C. R. Jourdain, C. Oldham, N. F. Ticbhurst, 
and the Editor. [Vol. I, pp. viii -f xvi + 532 ; Vol. II, pp. xii 4- 959 ; 
30 coloured and monochrome plates and 350 text figures.] (London : 
Witherby, 1919-24. Price 10s) 

The last p^ of Messrs. Witherby's Practical Handbook was issued on Feb. 
26, thus bringing to completion a very remarkable and invaluable work. The 
fir^ two parts to make their appearance were reviewed in an earlier issue 
of Science Progress (Oct. 1919). It is therefore unnecessary to repeat a 
general account of the work, but some additional remarks are npt out of 
place. 

The complet^ work is in two volumes, the second of which, in order to 
obviate unwieldiness, to be bound in two parts. Each volume is supplied 
with its own index and list of illustrations. The altogether superuiious 
Index of British Names of Vol. I, a mere repetition from the general 
index that follows immediately behind it, has been judiciously omitted from 
Vol. XL The work concludes with a list of additions and corrections, extend- 
ing to some fifteen pages, which bring the whole up to date to the end ol 
1923, followed by a brief 83r8tematic list of British birds in which these 
changes have been incorporated. This consists of the scientific name of each 
form approved by the authors in one column wfth the popular name in each 
case underneath and the briefest possible description of the bird's status in 
a second column. In these days of continuous nomenclatural change this 
list of the latest versions will be handy for speedy reference. 

This most useful and important work, hrin^ up to date, as it doesi 
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tlia mass of information about British birds for which the student baa hitherto 
depended upon Yarrell and Saunderson, will inevitably surolant these two. 
Bm have for a long time been very much out of date. But the Handbook 
achieves far more than merely bilging old information up to date. It 
contains what is no doubt the most complete regional account of moults 
and plumages yet published. Its comprehensive nattire may be gauged from 
the fact that the plumage changes of the 229 occasional and irregular visitors 
now admitted to the British list are as carefully worked out as those of the 
breeding birds and regular migrants. This makes it a valuable contribution 
not only to British but to holarctic bird literature. 

Critical comment, in the limited space at our disposal, is unfortunately 
impossible. It might even prove imfruitful in so controversial a field, for 
while one can disagree here and there with the solutions of nomenclatural 
knots and recognition of sub-sjxjcies, the authors* own opinions are in every 
case so carefully weighed up that it would be no easy task to support a counter- 
contention with any prospects of successful conviction. 

There is one point, however, to wliich attention might be drawn with a 
view to remedy in a future edition, since it directly afiects both students 
in England interested in American species and American ornithologists who 
will make use of the Hand List as they inevitably will. Although the book 
is scientific in its conception and execution, it will be widely used by amateurs 
to whom a Latin name means little or nothing, and who habitually refer 
only to the popular name. The popular names used for American strays are 
in many cases the British names, practically unknown in America beyond a 
small circle familiar with British literature. Thus the Dowitcher of Ameri- 
can literature and daily usage is called the Red-breasted Sandpiper with no 
clue to what may be termed its real name. The chance has, therefore, been 
missed of clearing up what is a very old source of confusion. And the book 
will certainly be used extensively by amateurs on account of its wealth 
of reliable information. 

There is considerable lack of agreement on the two sides of the Atlantic 
with regard to certain questions of nomenclature and taxonomy. It is evi- 
dent hero and there that our authors liave been in touch with American 
otnitholo^sts. In view of the intimate relationships of the avifaunas of 
the two sides, this is as it should be. It is on the other Imnd a relief to note 
that they have kept the tendency to create unlimited new genera, so evident 
on the other side of the “ pond,'* in reasonable check. 

Mr. Witherby, in his triple capacity of part -author, editor, and publisher, 
together with his co-authors, deserves the heartiest congratulations on the 
successful completion of so comprehensive an undertaking. Wc can only 
hope that the price of the finished work, unavoidably high in these ex- 
pensive days, will not interfere with the popularity and wide circulation to 
which the work is most deservedly entitled, 

W. R. 


fhg Pflndplai of Insect CkmiroL By Robert A. Wardlb, M.Sc., and 
Phillip Buckle, M.Sc. [Pp. xvi -1- 295, with 32 text figures.] 

S anchester : The University Press ; London : Longmans, Green i 
1923. Price 205 . net.) 

The literature which deals with the application of scientific methods to the 
ocmtrol of injurious insects has become so extensive in recent years, and so 
widely scattered in various countries, that everyone interested in this branch 
of the subject will welcome the publication of this book. 

It is a survey of the subject up to date and is a useful addition to the 
Utesature on the economic aspect of entomology. 

the subject matter of the work is treated in four parts, together with an 
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Appendix, the latter dealing with apparatus ahd machinery used in oonneo* 
tion with the application oi insecticides. 

Part I, entitled Biological Control/' deals with the questions of host 
resistance, climate, insect parasites and birds in relation to insect control. 
It should be noted that the experiments with Pieris referred to on page 3 
should be credited to Verschaffolt (1910) and not attributed to Tragardh 
(1913). The chapter on parasites and predators might with advantage 
have been further extended, considering the international interest and 
importance of this aspect of the biological control of insects. The discussion 
regarding the definition of the terms parasite " and ** predator tends to 
confuse the reader in a condensed treatment of the subject, which is 
unavoidable in a work of this kind. 

Part II, on ** Chemical Control/' deals with insecticides, dips, attractants, 
repellents, and fumigants, and is a most interesting and comprehensive 
survey of the subject. The term "sterilisation " as used by the authors 
in this section is open to criticism, considering the sense in which the term 
is generally employed. 

Part III, on " Mechanical Control." treats of such questions as cultural 
methods in relation to insect control and preventive measures which aim at 
restricting the spread of injurious insects. Here, also, the use of the 
term " disinfection " in the sense as defined on p. 179 is open to criticism, 
considering the generally accepted meaning of the term. 

Part IV deals with the subject of ** legislation " in relation to insect 
control measures. 

The book gives a comprehensive survey of the subject. It is the first of 
its kind, and the authors arc to be congratulated on presenting this compila- 
tion, which covers a very wide field, in such an interesting and readable 
manner. The bibliography appended to each chapter is a useful feature. It 
is with sincere regret that we Icam of the recent death of the junior author. 

Jambs Davidson. 


She Muine Products of Commerce, their Acquisitioii, Handling, Biologioal 
Aspects, and the Science and Technology 0! their Preparation and Pie-* 
servation. By Donald K. Trbsslbr, Ph.D. [Pp. 762.] (New York : 
The Chemical Catalog Co., 1923.) Price £2 5s. 

With such a romantic subject as the products of the sea an abundance of 
matter should be forthcoming 6f interest alike to the specialist and the 
amateur. Mr. Tressler in no way disappoints our expectations, and presents 
from an economic standpoint a bird’s-e>e view of almost the whole of the 
life of the sea which is in any way of u^e to man. In this most fascinating 
book he leads us through the intricacies of salt manufacture and the 
utilisation of seaweeds for chemicals and for food, which part occupies 
rather less than a quarter of the volume, up to the many animal pn^ucts 
of the sea, from sponges, pearls, and precious coral to the various shell^fish, 
true fishes, marine reptiles and mammals which occupy the remaining 
pages. 

Each group of plants or animals dealt with has a short introduction show- 
ing its structure and natural history, and articles on individual products are 
contributed by experts. Amongst these the account of " Pearl Essence 
by Mr. Harden F. Taylor is peculiarly attractive, tne history of an artificial 
pearl made from fish scales being almost as wonderful as that of the gentfine 
article. 

Naturally the fishes take up the largest part of the book and a number of 
pages is allotted to descriptions and figmes of the difierent spedes. As tibMb 
are mainly American, one is at times somewhat confused with rej^ to 



REVIEWS 159 

thft tommon or trade names of some of these. To quote but one instance, 
the term " sardine in this book principally refers to the herring, Clupsa 
k^mgt$s, of a certain size and preserved in a certain way, although it may 
also apply to the pilchard, as it does exclusively in Europe. 

Great stress is laid on the importance of continuing such researches as those 
of Hjort, Drummond, and others on the vitamins in various hshes and their 
foods, and prophecies that extension of these investigations will probably 
result in an enormous increase in the utilisation of sharks and other hitherto 
almost valueless fishes lead us into future dreams where there are no waste 
products and the most neglected conunodities become the most valued. Thus, 
if Vitamin “ A is contained alike in certain fishes, in the copepods they, eat 
and in the diatoms which serve as food for the copepods, we may look forward 
to seeing the extension of marine industries into the minuter products of the 
sea with copepod and diatom culturing farms, and it is clear that no research 
undertaken even on these apparently insignificant organisms is without 
value. 

l£r. Tresslcr’s book fills a long-felt gap and will be useful in a variety of 
ways, containing as it docs such a large amount of valuable and up-to-date 
information. 

Marie V. Lebour. 
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The Action of Alcohol on Han. By Prof. E. H. Starling, C.M.G., Sc.D., 
F.R.C.P., F.R.S. With Appendixes by Robert Hutchinson, M.D.. 
F.R.C.P., Sir Frederick Mott, K.B.E., M.D., F.R.S., and Prof, 
Raymond Pearl, Ph.D, [Pp. vii -f 291, with illustrations.] (London : 
Longmans, Green & Co., 1923. Price, 125. net.) 

Prof. Starling has left us with the impression that he has pursued his task 
with a lively zest. He has done more than merely present a popular account 
ol the action of alcohol. The fundamentals of human physiology are pre- 
sented with such naive simplicity that the lay reader may scarce be per- 
suaded of how much he has learnt. The main results of the scientific 
investigation of the action of alcohol in man are collected and presented in 
a pleasantly logical argument in which are considered not only nutrition, 
diction, circulation, respiration, and bodv temperature, but also the effect 
of alcohol on human behaviour, of immbderate use, and of the inffuence of 
alcohol in the community. Prof. Starling permits himself the expression of 
a personal conclusion which must weigh with the reader. In his view, Prohibi- 
tion by general consent would be contrary to the permanent interests of the 
; Inhibition against the wishes of a considerable minority would be 
a national calamity. 

The Appendixes to the volume merit more than the notice wo must be 
content to make, as they form valuable monographs in their respective subjects 
by xnen whose names bespeak their authority. They deal with Alcohol 
M a Medicine,*' " Alcohol in Problems In Mental Disorders," and " Alcohol 
and Mortality." 

The descent of the pure scientist into the arena of popular controversy 
baa seldom been an unqualified success. Let us be franlc. Hie question of 
tolexMoe or Prohibition will not be decided by any committee of learned 
It is a question in which are involved powerful influences and dour 
jgqudices on either hand, the instinctive rebellion of the human kind battling 
its Instiiact for interference. How the verdict will be given will only 
bo Istliien in the history of the emotions of the event. Viewed, therefore, 
os a setioos contribution to the controversy, whilst the book may assist some 
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caxefol minds to a decision^ itisasUkelytostimulateas manytoanobtlj]|iat^ 
oppoMtion. At all events, it will provide an arsenal of wldch both aannlas 
are likely to make much discriminating use. 

R. K. C 

Oaaned Foods in Bdation to Health. By William G. Savagb, B.Sc.> 
M,D., P.Ph. [Pp. vii + 146.] (Cambridge : at the University Preas« 
1923. Price, 85. 6d. net.) 

This book consists of the Milroy Lectures delivered before the Ro3rai 
College of Physicians in February and March 1923. It gives an excellent 
general account of the history of the canning industry and the principles 
and practice of canning. As might be expected from the title of the brok, 
special attention is directed to the bacteriology of canned foods and to the 
changes, both deleterious and the reverse, which may take place in canned 
foods. An account of botulism is naturally included. Two useful appendices 
deal with the principles involved in the processing of canned foods and with 
laboratory methods for the examination of canned foods. The general con- 
clusion to which the author comes is that, while canned foods have definite 
and special risks of their own, these are not great and, for the most part, are 
easily guarded against. 

Tlie book can be thoroughly recommended to all who wish to obtain 
information on the question of canned foods. It forms a useful addition to 
the literature of food preservation! and fills a distinct gap. 

W. S, 


Vitamins : A Critical Survey of the Theory of Accessory Food Factors. By 

Ragnar Bbkg, translated from the German by £dbn and Cedar Paul, 

[Pp. 415.] (London : George Allen & Unwin, 1923. Price, x8l net.) 

The most useful purpose served by this book is to bring before the reader 
records of the German literatiu-e on this subject of which he might not yet 
be completely cognisant. Presumably the German work is accurately re- 
corded ; the English work is not. Prof. J. C. Drummond's proposal of the 
substitution of the spelling vitamin *' for ** vitamine " is quite wrongly 
interpreted, a table of comparison of lipochrome content and vitamin A 
content of certain food-stufis is inaccurately reproduced from the original 
paper ; and numerous other mistakes might be quoted. 

Berg is blinded by his own ideas and work on the importance of the 
inorganic salt content of a diet ; and, not content with taking up a chapter 
of his book with the subject, he interprets the results of other workers, time 
after time, as being due to a salt " deficiency rather than the defidency 
recorded by the experimenters, (Apparently he ignores the controls.) 
One instance of this is worth quoting. Berg refers to the fact that oertain 
workers have found dried milk to be a much better food for adults than 
fresh milk. Without giving any grounds for his critidsm, he says, ** But 
these same experiments really show that the reputed inadequacy is not due 
to any defect in the composition of the milk protein, but obviously to the 
modified requirements of the adult organism in the matter of inorganic 
constituents." 

Berg makes most bewildering statements. On page 228 he saya : " Funk 
and Macallum began by isolating A by the method then in vogue for the isola** 
tion of vitamin, namely by extraction with 0*5 per cent, hydrochlmic add ; 
but obviously all they could get in this vmy were specimens of A contaMnk 
vitamin as impurity." Why call it isolation at all f In the same paragraph 
he reports work by Steenbock, Boutwell, Gross and Sell, then a furtm 
contribiition to the same subject by Drummond, then former vfurk by tte 
previous authors, as if it had been carried out by the latter. Be condudoi 
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** with tlili and te view 

A ll ^ pure state) the |il|i|m(ologlet8 would seek the eM o<m 

It iiia3r be pouxted out that McColkim, Hbpldxis, wuxcoQOttd, 
msaiiheim. Harden* OeDome and Mendel (to mention only a lew ol the 
people who have put solid work into these questions) are primarily 
^UMbists. 

are no illustrations in the book, and the author sumsts a new term, 
^ oomplettin/' for vitamins A and C on no other ground than their lack of 
nitrogen ; and yet he calls his whole book Vttamtns, Altogether it is a 
confused, and, in many cases, an inaccurate, account of the subject. 

Katharinb H. Coward. 


btrodootion to Mediohl Biometry and Btatistios. By Raymond Pbarl. 
[Pp. 379.] (Philadelphia and London: W. B. Saunders Company* 

^923) 


Tms volume by Prof. Pearl aims at the presentation of an introduction to 
Statistical methods applicable to the fields of biometry and vital statistics. 

illustrative examples, therefore, are such as are escalated to appeal to 
the biologist and medical man interested in the quantitative side of their 
snto^cts* Pearl is Professor of Biometry and Vital Statistics in the 

Iplm Hopkins University, and in his preface states that the book is the 
Sesult of many years’ experience in attempting to teach biometric methods 
io men not primarily interested in mathematics. He has therefore made 
ho Attempt m the b^k to deal with the rigid mathematical proofs which 
are the li^is of so many of the modem statistical methods. Also, as the 
book is intended merely as an introduction, the author has been able to 
CDver a great deal of ground in this single volume, and has written about 
Ihost of the statistical methods applicable to the subjects of biometry and 
vital statistics, stressmg the underlying principles and presenting the re- 
sults. 


He gives in his introductory chapters some account of the history of the 
anb^ct, and of the men whose names stand out in this survey. He stresses 
fSie importance of the proper tabulaticm ol statistical data and the intelligent 
jpEmphic representation of them, always most important parts of the work 
m a statistician. He has chapters on Life Tables. Death Rates, etc., dis- 
fylisres the elementary theory of Probability, and proceeds to consider the 
lllbieots of variation and correlation. He finishes up with a chapter on 
fwi^e curve-fitting. 

Ilwottghaut, the atdhor makes extensive use ol actual data and diagrams 
toJUastfato the methods discussed in each chapter, and is very careful in 
dnlMit cases to indicate the pitfalls into whic^ the unwary are likely to 
daaceiidf At the end of each chapter is a list of books and papers which 
toa student of the subject would read with benefit, if he is interested 

1^ oevelopmeiit of the methods oonsidered. 

ijhe hook, by Its very nature, is In oertain parts ol necessity sketchy, 
mt Akamld certainly prove of benefit to many types of workers. To the 
tmd medical man, for whom it is pgkimy intended, it shattld 
fimbe of great use, in so far that it brings a great deal of matter within the 
iMfinl of a single book, matter whidi will indicate to tbhm the kind of 
IMcto wldch can be dealt with by quantitative methods, the methods to 
cad, What is of great importanoe, how to use them. To the general 
temit servmtbe vei^ indicating the type of pcobtatn 

: If pet with In the fields of biometry and vitm statistice. lb the 


sniMler timre is a great deal ol intsiresting information collated to 
^ ewaaqfies, which would wWU repay assi mil a tton . 

Cf K. 
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nie Iluveotim and liaUnf of Mitirtili, Appiraiott and Unaa. By F. L. 

Hsnlby, Staff Engineer. G,P.O., London, M.LE.E. [I^. xi -h 355. 
with 151 diagrams.] (London: Longmans. Green ft Co.. 1993. 
Price, 21s, net.) 

iNTBNDBD as a manual for post-office inspectors and contractors, the volume 
opens with a description of the systems of specification, purchase, and test, 
adopted by the Post Office. Then follows a r^um^ of the theoretical and 
applied strength of materials necessary to a clear understanding of the tests 
described. 

The description of materials employed is very complete, ranging from the 
various metals and structural materials to porcelain, rubber, and allied 
poducts used in insulation. No attempt has been made to restrict detail 
in this section, and it forms a valuable reference when a specification is being 
drafted. 

The telephone side of G.P.O. activity is given prominent treatment, 
several important tests being described complete, with circuit diagrams and 
test connections. 

Later chapters are devoted to measurements at audio frequencies, line 
tests, and routine maintenance procedure, both for telephone and telegraph 
systems. 

As an important accessory in repeaters, gain-mcasiuing devices, etc., 
the thermionic valve justifies the thorough treatment accorded it. These 
chapters are supplemented by a matheihatical appendix. 

Produced for the service of those contracting for the Post Office, vrel) 
provided with diagrams and reference-tables, all of a directly useful nattire, 
and written from the inside point of view, the work cannot fail to be of great 
value. In condensing this ^oad field into a compact volume the author hwi 
made a judicious selection and treated it thoroughly. 

A. N. Jackson. 

Principles d Chemical Engineering. By W. H. Walkbr, W. K. Lewis, and 
W. H. McAdams. [Pp. ix -f 637.] (London : McGraw-Hill Book Co.. 
1923. Price, 25s. net.) 

Tub work under review is a valuable and much-needed contribution to the 
literature of chemical enginceringin its scientific aspects. Chemical engineer* 
ing, in the past, has been somewhat too much of an art and too little of a 
science. It will still remain an art to a considerable degree, but the authors 
have xnade a real contribution to the development of the subject as an exact 
science, and it is along these lines that the greatest progress in the design amd 
operation of chemical plant and processes^s likely to made in the future. 

The book deals only with the fundamentals ; and those fundamentals are 
rightly assumed to be physical and physical-chemical in nature rather than 
mechanical or constructional. The bc^k does not aim at being a treatise 
on chemical engineering, and it would be easy to point to considerable omis* 
sions, even of principles ; the whole treatment, however, is stimulating and 
original in its form of presentation. 

Starting with a chapter on Industrial Stoichiometry, which deals with the 
application of the stoichiometric and physical-chemical laws to the prepara* 
lion of material and energy balance-sheets for indtistrial chemical proceaseSy 
the authors pass to the dynamics of liquids and gases and the transference 
of heat. Both these subjects, which lie at the root of plant design, are treated 
at length and with great lucidity. Several original features are introduced* 
the derivation of a single equation for the egression of all types of UquM 
and gaseous flow being especially valuable. The theory of combustion and 
method of operation of a few typical furnaces, ovens, and gas-produoeiB ii 
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tkoxt dealt with in more descriptive manner and is followed by a som^hat 
ekatchy treatment of the subjects of crushing, grinding, and mechanical 
•aparation. 

The most valuable part of the book, after the sections on fluid and heat- 
flow, lies in the last seven chapters, which are devoted to the basic operations 
of flltration, evaporation, drying, distillation, humidification, and water 
cooling. Design of plant for each of these operations rests largely upon the 
laws of equilibria between phases and the rate at which such equilibria are 
attained. The authors give simple mathematical analyses of the various 
problems and show how the equations derived from first principles and certain 
assumptions can be employed in the design and operation of plant. Many 
of the equations so developed have been tested by the authors and their 
collaborators either on the laboratory or on the industrial scale, and although 
further experimental verification over a wider range of conditions appears 
desirable in many cases, the method of treatment is undoubtedly the right 
one, and must, as further data are secured, lead to great improvements in 
the design and operation of industrial plant. 

The book is attractively written and produced, and will appeal to all 
chemical engineers and students who wish to approach the problems of 
chemical engineering from the fundamental scientific point of view. It can 
be recommended as probably the best work of its kind that has yet appeared ; 
it is indeed unique in its own field. 

E. C. W. 

1!he UnarFlow Steam Engine. By Prof. Dr. Ing. h.c. J. Stumpf. Second 
Edition. [Pp. vii *f 319, with numerous illustrations.] (London : 
Constable & Co., 1924. Price 2o.<5.) 

Onb perhaps feels on opening a book like the one under review that it will 
savour more or less of the trade-catalogue. The author has avoided this, 
and has gone into the theoretical problems connected with the engine in 
such detail, that the work must necessarily become a standard text on the 
subject. 

The una-flow engine is certainly far more efficient than the usual recipro- 
cator and is a serious competitor of the turbine up to about 1,000 h.p. size, 
although, previous to its development, the piston engine was not regarded 
as a rival of the turbine in sizes above 300 h.p. Probably the chief points 
which have led to the improved economy arc reduction of initial condensation 
by the uni-directional flow, good jacketing of the cylinder head, and the use 
of single-beat inlet valves which provide a sharp cut-ofl. The large clear 
exhaust reduces the outlet losses and allows high vacua to be employed. The 
small clearance volume and high compression keep down the conducting 
surface and raise its temperature to nearly that of the incoming steam. All 
these points are thorougUy discussed in the earlier chapters. 

It is possible that the theoretical considerations have been carried a trifle 
too far, however, in regard to the critical pressure of exhaust. It is suggested 
that too good a vacuum may actually increase the steam consumption. Prof. 
Josse is quoted, however, as stating ** a further reduction in steam consump- 
tion due to increased vacuum was not noticeable." This is quite in order 
aud in accordance also with turbine practice, where, after a certain vacuum 
is reached, any further increase does not materially improve the economy, 
but certainly docs not make it worse. 

The remaining chapters are given to the application of the engine to 
various practical drives, including the locomotive, and the designs of several 
diSsrent makers are indicated. 

The illustrations are good, and the book should be read by all those inter** 
estad in the reciprocator. 


U. £. 
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Kledtttoal BngfaiMriiig PnoHoe, By J. W. Mearbs. F.R.A.S., and 

R. E. Nbalb, B.Sc. Fourth Edition, rewritten and enlarged. Vol. I* 
[Pp. X -f 589. with 94 figures.] (London : Chapman & Hall, 1923, 
Price, 25s. net.) 

The complete work, in two volumes, of which this is the first, is intended 
to cover the general practice of electrical engineering. 

Subdivided into three sections, it commences with a r6sum6 of the ao 
knowledged symbols and definitions in common use or adopted by international 
agreement. The fundamental properties of alternating currents are treated 
to some extent, and the properties of materials used in the industry lead up 
to consideration of methods of measurement. 

Section II deals with the generation and sale of energy, points out the 
evils of low power factor, and the remedies available. A tabulated comparison 
of prime movers is incorporated and gives much useful information as to 
running costs, etc., for the more usual forms. 

By means of this and similar tables in the other sections of the book on© 
is enabled to compare rapidly the several alternatives available when a 
particular problem is being investigated. The design of water power schemes 
is compactly summarised, and possible development due to high speed runners 
of the Kaplan and Nagler types is indicated. 

The chapters dealing with load and diversity factors present the funda- 
mentals without unnecessary detail, while the section on costs and tarifis, 
clearly written, leaves one with the impression that unity of practice in this 
respect has been too long delayed. 

Transmission and Control (Section III) provides a field which is of necessity 
restricted to broad treatment, but we find, as throughout the work, that 
the more immediately important practical branches are given precedence 
as far as detailed description is concerned. 

The features desirable in switchgear are considered in some detail, the 
actual arrangements being shown by illustration of switchgear by representa- 
tive markers. 

In general the work presents the “ pith of the subject from the point 
of view of the practical man, while the comprehensive bibliography at the 
end of each chapter enables any particular item to be followed up if requiral. 
This key reference is perhaps the most valuable feature of the book, vddle 
the call for the fourth edition is its own testimonial. 

A. N. Jackson. 

Oil Engines. By A. L. Bird, M.A., A.M.lnst.C.E. [Pp. vi -f- 281, with 103 
illustrations.] (London ; Methuen & Co., 1923. Price 125. 6 d, net.) 

It is probable that there is no branch of engineering in which so many develop- 
ments and variations in design have arisen as in that covering the internal 
combustion engine. Even under the heading of oil engines, from which the 
petrol engine has been excluded, there are so many variants that few engineers 
outside the particular branch are au fait with all types. 

The volume under review describes the general principles and discusses 
some of the special problems connected with these engines. A noteworthy 
feature of the text is that the mathematical work on these problems is closely 
interwoven with the practical considerations. Again, the volume has been 
kept within reasonable dimensions by the omission of the standard problems 
of strength calculations. 

The first chapter is historical, giving a comparison of the Diesel and Ack* 
royd-Stuart cycles. Various theoretical cycles of operation are disenssed 
in the next chapter, including the efiect of variable specific heats. In com- 
parison with these are given the cycles and indicator-cards ci several actual 
engines. The testing of fuels for physical properties and their combustion 
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W daidt with in chapter iii, while the charghig of the cylinder is folly 
diacnssed in chapter iv. Some interesting original work by Prof. Hop* 
kinson and the author on this subject is also included. Chapter v is 
devoted to the various methods of fuel injection and ignition from both 
practical and theoretical points of view. In chapter vi, many tests are 
quoted, also useful characteristics, such as weights per horse-power of various 
types of machine. The only regret on reading this chapter is that little is 
said about the actual testing. The author might, for instance, have given 
us the beneht of his experience on indicators suitable for practical test work. 

The last chapter deals with mechanical details, including air compressors, 
perhaps a trifle briefly in this case. For the Diesel engine proper the com- 
pressor is such an imjx^rtant organ that a discussion on the proportioning 
and the relative effect of actual clearances in the various stages of the machines 
would have been beneficial. 

The volume is of decided merit, and, although intended primarily for 
engineering students, should appeal strongly to the trained engineer by 
assisting him to keep in touch with recent developments. 

LI. E. 

An Introdnoiion to the Study of Alternating Currents. By A. £. Clayton, 
D.Sc. t^P- vii “f* 296. with 268 figures.] (London : Longmans, 
Green & Co., 1923. Price, los. 6 d. net.) 

The theory of alternating currents has been written and rewritten so often 
that one naturally expects a good deal of a modern textbook on this subject. 
In this treatise even the most critical will not be disappointed. The author's 
experience as a teacher is distinctly reflected in the clearness and conciseness 
of expression which characterises the whole book. One notices, however, 
a tendency to dodge the calculus, presumably to keep the reasoning within 
the understanding of the junior student, but there are many who consider 
the use of the more tedious alternative methods false simplicity. 

It is to be regretted that the symbols, recommended by the International 
Convention are not strictly adhered to ; for example, S is used for the number 
of turns instead of T. Tlie author must know how easily misunderstanding 
is brought about by lack of uniformity in the use of symbols, and it is there- 
fore surprising that he should depart from the only basis we have for inter- 
national agreement. The general arrangement of the volume is excellent, 
the subject being continuously developed as we pass from one chapter to 
the next. A knowledge of the fundamental principles governing the theory 
of electricity and magnetism is assumed, and in the first pages the author 
deals with the generation of alternating electromotive forces and the mathe- 
matical and physical quantities employed in their anal3rsis. The representa- 
tion of alternating quantities by means of vectors is then considered, the 
method adopted for distinguishing between current, voltage and flux lines 
being distinctly useful. By this device much of the confusion liable to 
arise in a complicated diagram is avoided. Hie author points out that a 
vector diagram is generally constructed for virtual values, but it is perhaps 
not made quite clear that in this case the instantaneous values are not given 
directly by the vertical projection of the vector. 

The various properties of circuits having resistance, inductance, and 
capacity are considered in considerable detail, and this is followed by a 
sb^ chapter devoted to locus dia^ams. Up to this stage no special 
mention is made of the influence of iron on an alternating magnetic field, 
and before treating the static transformer, a few pages are devoted to this 
part of the subject. 

iMyphase currents and circuits, alternator windings and their charac- 
tedstic wave-forms, the production of rotating magnetic fields, are each 
oonaidered in turn. Before dealing with the induction motor, some of the 
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more practical proMems in connection with alternators and synchronous 
motors are discussed, and in the short space of two chapters some very useful 
information is given. The treatment of the induction motor is perhaps 
rather brief in view of its practical importance. The alternating current 
commutator motor and repulsion motor are barely mentioned, but in omitting 
these in a book of this kind the author has shown a wise discretion. The 
concluding pages are devoted to the application of complex quantities to 
the solution of alternating Current problems, and the treatise closes with 
a collection of very instructive examples on the syllabus covered. Through- 
out the book principles take hrst place, and detailed descriptions of special 
t)rpes of apparatus are entirely omitted. Thus the author has completely 
attained the object he had in view, namely to make fundamentals the primary 
consideration. The work should find a useful place among our best text- 
books on this subject. 

H. Monteagle Barlow. 
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Photography u a Sdenttflo Implement. A Collective Work by A. £. 
CoNRADY. Charles R. Davidson, Charles R. Gibson, W. B. Hislop, 
F. C. V. Laws, J. H. G. Monypennv, Dr. H. Moss, Arthur S. New- 
man, Dr. Geo. H. Rodman, Dr. S. E. Sheppard, W. L. F. Wastell, 
Wilfred Mark Webb, and Colonel H. S. L. Winterbotham. 
(Applied Ph3rsics Series). [Pp. viii - 4 - 549, with 21 plates.] (London, 
Glasgow, and Bombay : Blackie & Son, Ltd., 1923. Price, 30s. net.) 

In photography, as in other branches of scientific knowledge, the modem 
tendency is for specialisation and the issue of monographs dealing with 
particular aspects of the subject. These, however, are generally too highly 
specialised to be of any real value to those who wish to Imve a general know- 
ledge of the guiding principles underlying the subject or to those concerned 
with the application of its methods. The present book provides the want 
in this direction. The fourteen chapters are written by thirteen different 
men, each of whom is a recognised authority on the subject with which he 
deals. A full consideration of each subject is not attempted, but in each 
chapter is brought together a mass of detail concerning methods of technique 
and underlying principles, which is normally hidden widespread in the 
scientific literature of the world. 

The book fittingly opens with an exceptionally lucid consideration of 
the historical development of photography, full use l^ing made of quotations 
from the writings of the pioneer workers. This chapter is followed by two 
cliapters on the optics of photography, the fiarst by iSr. Sheppard, who treats 
of the elementary side, and the second by Prof. Conrady, who deals with the 
subject from the view-point of the Abbe form of the general theory of lenses, 
and pa3r8 particular attention to the various faults to which lens systems are 
subject. The fourth chapter is the longest and most important in the book, 
and concerns the theory of photographic processes and methods. The author, 
Dr. Sheppard, is probably more competent to write on this question than 
any other worker, and, although his writings are usually very difficult to 
follow, the present one is a model of clarity of expression, and the reviewer 
knows of no more ludd account of the modem physico-chemical treatment 
of the subject. However, in writing chemical equations he seems to have 
gone sadly adrift, especially in that representing the reaction between ferrous 
sulphate and silver nitrate (p. 140) and those dealing with h3rpo-alum toning 
(p. 167). Also on page 131 we find that the “ wet collodion process is used 
in ** photochemical work, instead of in ** photomechanical work, and on 
pa||e 148 we find x : 2 dihydroxy-benzene quoted as hydroquinone instead of 
pyrocatechol. 
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Hub important branch of astronomical photography is treated by C. R. 
Davidson^ and Dr. Moss contributes an article on the application of photo- 
grajihy in ph3r8ic8. Two chapters deal with photomicrography as applied to 
metallurgy and engineering, and to pathology and bacteriology respectively. 

The most recent important applications of photography are in surveying 
and aeronautical photography, and two chapters on these branches are given 
by Colonel Winterbotham and Major Laws. Colour processes are discussed 
by Mr. Wastell, and Mr. Hislop deals with photography applied to printing 
processes. Chapters are also devoted to the Technics of Kinematography " 
and " The Camera as a Witness and Detective.** 

The book is a very valuable one, and should be in the possession of all 
specialists in photography. It should also be of great interest to the general 
scientific public. 

W. C. 

She Story 0! a Great Schoolmaster. By H. G. Wells. [Pp. iv -f 152, 
with 3 illustrations.] (London : Chatto & Windus. Wee 4s. 6d.) 

A sincere and deeply rooted friendship, accompanied by a keen intellectual 
appreciation of the ideals of Sanderson of Oundle, has undoubtedly aided 
Mr. Wells — if, indeed, his facile pen is ever in need of such inspiration — to 
write this vivid account of the life and ideals of a wonderful schoolmaster. 
So convinced was Sanderson of the rightness of his views as to the need for 
educational progress and reform to avoid social catastrophe that he devoted 
much of the last years of his life to teaching the outside world his belief that 
the Christian ideal to-day can only find true expression in a creative, co- 
operative, and non-competitive spirit. Like many another pioneer of human 
progress, Sanderson gave up his life for his ideals. All teachers, indeed all 
who have the responsibility of controlling the work of others, will do well to 
read this book and ponder well the problems that Sanderson has at least 
shown to be urgently in need of solution. 


W. C. B. 
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RECENT ADVANCES IN SCIENCE 

VTOS XATHEVATIOS. By F. Puryer White, tf.A., St. John's 
College, Cambridge. 

Function-theory . — A. Ostrowski (Jahresber. D. Math. Verein, 8S, 
1923, 185-94) gives a report on general convergence theorems 
in the theory of functions of a complex variable. If an analytic 
function is regular in a region G and vanishes at all points of 
a subregion g, then it vanishes everywhere in G ; moreover, 
for g we may substitute (i) a curve C lying wholly in G ; 
(2) an infinite set of points with a limiting point in G ; (3) if 
G is the unit circle an infinite set of points, which need not have 
a limiting point in G, if they do not lie too close to the circum- 
ference of the unit circle — the exact condition has been given 
by Blaschke ; or (4) a set of points, lying on the boundary, 
which is measurable in Lebesgue’s sense and has a positive 
measure. These propositions may be regarded as expressing 
the principle of analytic continuation for functional equations, 
i.e. for finite relations of analysis. Docs the same principle 
hold for limit relations ? In other words, if a sequence of 
analytic functions A(s) which are regular in a region g converges 
uniformly to a function F(2) which is regular in g, and if all the 
functions are regular in a region G enclosing g. can we deduce 
the uniform convergence of /,(«) to F(£t) in G ? The answer is 

no ; as is seen by the simple example of the sequence e* , 
which converges to i only inside the unit circle. But the 
proposition is true if we add the Stieltjes condition that the 
fjjt) are uniformly bounded in G. Also it has been shown by 
Vitali and Blaschke that we can replace g by (i)-(4). (For 
an alternative proof to Blaschke’s of (3) see Lowner and Rado, 
Jahresber. D. Math. Verein, 82 , 1923, 198-200). Is now the 
Stieltjes condition necessary ? We can easily find sequences 
of functions with other projjerties which can be transformed into 
sequences which are uniformly bounded ; we can use transfor- 
mations of the theory of the elliptic modular functions, and 
there will thus arise, as is clear from the well-known proof of 
Picard’s theorem, functions which cannot assume two fixed 
vahies. The idea originated with Boutroux and has been de- 
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veloped by Montel, and we finally have the theorem of Cttni* 
theodory and Landau that if the/,(«) are regular for |f(<i, 
converge for a set of points with a limiting point inside the 
unit circle and do not assume two fixed values a, b inside 
the unit circle, then the sequence converges everywhme 
within the unit circle. Ostrowski proceeds to sketch a 
method of extending these results, making use of the idea, 
which is capable of precise formulation, of the goodness of the 
convergence. 

Invariants. — In a report on recent progress in the theory 
of algebraic and differential invariants, £. Noether (Jahrss^. 
D. Math. Verein.,Zi, 1923, 177-84) shows how Hilbert's pi^f 
of Gordan's theorem on complete systems of invariants may 
be stated in the language of the theory of algebraic numbers 
and ideals and then discusses the questions of the actual format- 
tion of the basis in a finite number of steps and of finiteness 
for subgroups of the general linear group. With regard to 
differential invariants the author confines herself to the question 
of bringing them under the theory of algebraic invariants, which 
is done by the methods of the calculus of variations. 

Binary Forms. — We have already had occasion to mention 
(Science Progress, 18 , 1924, 354) the work of Comessatti on 
the geometry of binary forms. He has now followed up his 
introductory paper on the rational normal curve and its pro- 
jective groups by a further paper (Math. Ann., 90, 1923, 174- 
221) in which he begins an organic treatment of the whole 
theory of binary forms, independent of the classical theory. 
The representation of a covariant is obtained by a simply 
infinite system of varieties of the M^limensional space, of wmch 
the coefficients of the binary form are the homogeneous CO* 
ordinates and the %, x, are the parameters. The theorem of 
Ro^rts (1851) that a co variant is completely characterised 
by its leading term, and Fa^ di Bruno’s deduction of the covari- 
ant from the leading term (1880) follow almost intuitively. 
We may then substitute semi-invariants for covariants, so thitt 
in many questions the variables are eliminated and we nuiy 
restrict the group of transformations with r^rd to whidh 
invariant properties are to be considered. In the second putt 
of the pa^r, Comessatti goes on to general methods for the 
determination of ail the covariants of a binary n-ic, and is 
led to rational expressions of the covariants as functions of 
n— I of them, the typical reprosmtaiions of Hermite ahd lof 
Clebsch. The expression as rational integral functions, iiie. 
the theory of complete systems, seems, however, because of its 
more strictly arithmetical nature, to require the hearder methote 
of Gordan and Hilbert. 

Following on an idea of Segre, A. Duschek (Jakresber. 
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therein., 9B, 1933, 334-^) shows how, in the case of the 
bihary trilinear form, criteria for the occurrence of special 
cases may be obtained by simple geometrical considerations. 

Ceomttry. — We welcome the republication {Jakrtsbtr. D. 
M«ik. Verein., 82 , 1933, 97-119) of an article by M. Noether 
on Karl G. C. von Staudt (1798-1867), who gave to projective 
geometry “ das Recht der Selbst8ndigkeit und Unabhkngigkeit.'' 

The same volume also contains a notice of the work of 
Karl Rohn (1855-1920) by F. Schur {Und., 201-11), with a list 
of his papers, and one of Max Noether (1844-1931) by A. Brill 
(»d»i/., 311-33). 

Foundations of Geometry . — In the study of projective geo- 
metry one of the first steps, after the introduction of postulated 
(uneigentiich) elements to give unrestricted validity to the 
axioms of incidence, is to define a projectivity between two 
constructs of the first rank. This is usually done by means 
of a chain of perspectivities or by the invariance either of the 
general cross-ratio or in particular of the harmonic cast. An 
earlier definition, due to Steiner (1832), is that a projectivity 
is the relation between two constructs, originally in perspective, 
after they have been relatively displaced in any way. The 
objection to this method is, of course, that it assumes a know- 
ledge of the properties of displacements, i.e. of metrically special 
colUneations. It is, however, frequently used, as a first intro- 
duction to the subject, on pedagogic grounds, and so it is 
worth while pointing out, as has recently been done by R. 
&ildus {Math. Ann., 90, 1923, 86-102), that Steiner’s definition 
does not agree with the others, and that not only in the complex 
but also in the real projective plane. For example, if a, b, c are 
three parallel straight lines, of which b is midway between a 
and c, and A, B, C are three points of a straight line, B not being 
the mid-point of AC, then it is impossible by a displacement to 
bring A, B, C into-incidence respectively with a, b, c, although 
by the fundamental theorem a projectivity can be established 
bMween the pencil of lines and the range of points in which 
ai^ three pairs of elements correspond. Baldus determines 
the limitations under which Steiner’s definition agrees with the 
otters, and formulates precisely theorems on the perspective 
orientation of projective constructs, with the consideration of 
opaimlex constructs and complex displacements. 

In the third and later eaitions of Hilbert’s Grundlagen der 
GdomeMe (not in the American translation) is an appendix 
dealing with the theorem of the equality of the base angles of 
api isosceles triangle {Anhang II), Among his axioms of con- 
gpence is the following : — 1 1 16. If in the two triangles 
'fmC and A'B'C' the congruences ABssA'B', ACasA'C', 
4'ilAC9i; B'A''C' hold, then the congruences ZABC^ 
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and L ACB s L A'C'B' al$o hold. It is possible to take a narrower 
axiom in which the assumption is only made for tmngles with 
the same direction of description. Since the ordinary deduc- 
tion of the isosceles triangle property requires the congruence 
of symmetric triangles, it becomes a question whether the 
latter can be proved on the basis of this narrower axiom. Hilbert 
showed that this is so if all the other groups of axioms are kept, 
but that if the axioms of continuity are also given up, then the 
isosceles triangle property cannot be proved. For this purpose 
he sketches two non-pythagorean ” geometries in which the 
property does not hold. W. Roseman {Math. Ann., 90 , 1933, 
108-38) returns to the matter, with more detail and adding 
the proof that all the assumed axioms are actually satisfied 
in these two geometries. He also examines the validity of 
further theorems in Hilbert’s geometries, and discusses what 
theorems can be proved from the first three groups of axioms, 
without the symmetry axiom, and which not. In Hilbert's 
geometries right angles exist and an angle can always be 
bisected ; it remains doubtful whether these propositions 
follow from the axioms assumed or whether new geometries 
can be constructed, differing still more from the Euclidean, 
in which they no longer hold. 

Conics . — In the Carman edition of Salmon’s Conics there 
occurs the theorem that there is a central collineation between 
two conics^ having as centre the point of intersection of two 
common tangents — such that both conics lie on the same side 
of each — ^and as axis a common chord. This is deduced from 
the theorem that if through the intersection of the conunon 
tangents of two conics we draw any pair of right lines, the 
chords of each conic joining the extremities of those lines will 
meet on one of the common chords of'the conics " (sth Emghsh 
edn., p. 332). M. Pasch (Math. Ann., 90 , 1923, 102-7) examines 
in detail the problem of relating two conics by a central colline- 
ation, showing that if the conics do not touch there are la 
solutions ; if they touch in one point there are 7 ; for double 
contact there are 4, for osculation i, and for four-point contact 
none. He also investigates the reality of the solutions, and 
ai>plies his results to the problem of inscribing in a conic a 
triangle whose sides pass through three given colUnear points. 

The theorem, due to Miquel, that the foci of the five para- 
bolas which touch fours of five straight lines lie on a cirdle, 
when generalised projectively and dualised becomes the theorem: 
If six arbitrary points x, 2, 3, 4, s, 6 be taken and the five 
conics passing respectively through the five points obtained 
by omitting in turn i , 2, 3, 4, 5, then there exists a conic toui$li- 
iiig two ainitrary lines through the point 6 and triangufai^^ 
inscribed to these five conics. It appears, moreover^ as UptS 
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recolpnised by Wakeford, that the relation is symmetrical and 
that the conic obtained is also triangularly inscribed to the 
conic passing through the points 1, 2, 3, 4, $• H the condition 
of touching the two arbitrary straight lines through the point 
6 be omitted, we have a doubly infinite system of conics trian- 
gularly inscribed to the six conics passing through five of six 
points. It does not immediately appear how this family of 
conics depends upon the two parameters involved ; F. P. White 
(Proc. Camb. Phil. Soc., 22, 1924, i i-i s) has now made a direct 
analytical investigation of the general symmetrical figure with 
a view to deciding this point. The results obtained can be 
put in a form which shows their connection with a geometrical 
proof of the theorem, due to H. F. Baker, which makes use of 
a construction in three dimensions, but wlxich is as yet unpub- 
lished. 

Geometry of the Triangle. — Among the “ remarkable ’’ points 
of a triangle, whose co-ordinates can be expressed rationally 
and symmetrically in terms of the co-ordinates of the vertices, 
three may be found from which all the others may be constructed 
with ruler and compasses. Expressed algebraically, given the 
ag^gate of pairs of functions X, Y of the six variables x„ 
y« ($ o, I j 2) which are rational, homogeneous, and of the first 
degree, which are unaltered by the permutations S =• (x©, Xi, Xt) 
(yo> yit y») T 7 (*«. ^1) (yo, yi), and which are transformed 
by the group of displacements cogrediently with x and y ; to 
find a minimal basis, i.e. three algebraically independent pairs 
of functions X, Y, from which all functions X, Y can be obtained 
by rational operations. S. Breuer (Jahresber. D. Math. Verein., 

*923, 119-32) carries this out, showing that the centroid 
of the triangle, the orthocentre and the centroid of the pedal 
triangle will serve as such a basis. He also applies the method 
to the " remarkable ” points of a quadrangle. 

Plane Curves.— A plane algebraic curve of order n can have 
at most J(n - i) (n — 2) + i real circuits ; this theorem is due 
to Hamack (1876), who sketched a method for constructing 
curves with this maximum number. In 1890 Hilbert gave a 
more far-reaching method. For n-6 Harnack had only 
'given the case in which there is one circuit Z enclosing another, 
together with 9 external separate circuits. Hilbert in addition 
obtained the case in which Z encloses 9 separate circuits and 
thm is one outside. Hilbert, however, confined himself to 
cases with the maximum number of “ nested ovals ”{see Hilton, 
Pkme Algebraic Curves). A. Wiman {Math. Ann., 80 , 
1933, 332-8) has recently applied Hilbert’s method to other 
l^es. He proves, for example, that for n odd there are curves 
orith tbo maximum number of real circuits, one odd and the 
others even, no one of the even circuits enclosing another. For 
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M even and curves in which only one circuit encloses others the 
method distinguishes, as regards the number enclosed, between 
WS3 (mod. 4) and nao ^od. 4), but it remains doubtful 
how far this is an essential difference. Wiman also proves, by 
a different method, that for any even order an there arc curves 
with i(n - I ) (n - 3) pairs of nested ovals and n* isolated circuits. 

The plane quartic curves which pass through twelve fixed 
points g, of which no three lie on a straight line, no six on a 
conic, and no ten on a cubic, form a net of quartics represented 
by the equation XoS» + ^•iSi + XiS|— O. Any two curves of the 
net meet in four points besides in the points g, the sixteen 
points forming the base-points of a pencil of quartics contained 
in the net. If for any such pencil three of the four points lie 
on a straight line, then a similar property holds for every pencil 
of the net, the fourth point is nxed, and we have a net of a 
special character with thirteen base-points instead of twelve. 
For this to happen eleven of the twelve points g may be taken 
arbitrarily : there is then a. single infinity of such nets, and the 
other two base-points are paired and lie on a definite hyper- 
elliptic curve of order 7 which has the eleven points as double- 
points. Such nets of quartics arise in the mapping upon a 
plane, due to Clebsch, of a quintic surface with a double space 
cubic curve ; plane sections are represented by quartics with 
eleven base points, and the hyperelliptic curve is the image of 
the double curve. This quintic surface again is perhaps best 
discussed as the projection of a sextic surface on four dimensions 
from a point of itself, the double curve arising from the tri- 
secant of the surface which pass through the point. By con- 
sidering similarly surfaces in space of mgher dimensions, F. P. 
White {Proc. Cantb. Phil. Soc,, 88, 1934, i-io) is led to nets 
of curves of any order with similar special properties. 

H. W. Richmond {Proc. Comb. Phil. Soc., 88, 1924, 42-8) 
investigates the real space cubic curves which are geodesic 
upon a quadric ; it is of course quite exceptional that geodesics, 
even of simple surfaces such as quadrics, should be almbraic. 

Geo^try of n Dimensions . — ^The theorem that if four arbi- 
trary lin^ be taken in a plane the four circles circumscribed 
to the triangles formed by threes of these lines meet in a poiitt 
can be generalised to space of any even number of dimensions ; 
in the plane case the centres of the four circles lie on anotfaiQr 
circle passing through the point of concurrence of these foiac, 
and KUhiw (Crelle, U 9 , 1898. 186) has published a proof of 
an extension of the first half of this theorem to space of any' 
even numb^ of dimensions. H. F. Baker {Proc. Camb. Pm, 
Soc., m, 1924, 28-*33) points out that Ktthne's proof is invalid^ 
and gives a f«oof that the theorem in question is not tnai, 
except in the case of the jdane. 
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The pedal property of the drcumcircle of a triangle may be 
stated in the form : Given a circle, any four points upon it 
an so related that the feet of the perpendiculars from one 

r n the sides of the triangle formed by the others are coUinear. 

W. Richmond {Proc, Camb, Phil. Soc., 22, 1924, 34-41 
shows that curves of order n exist in Euclidean space of n 
dimensions on which any n + 2 points have a similar property, 
but that the curves cannot be real if n is odd. 

R. Vaidyanathaswamy (Proc. Camb. Phil. Soc., 22, 1924, 
49-53) determines, by enumerative methods, the number of 
lines which meet four linear subspaces of a space of n dimen- 
sions ; in particular there are three lines which meet four 
planes in space of five dimensions. 

Differential Geometry. — ^The student of differential geometry 
of three dimensions is very soon introduced to Bertrand curves, 
of which the principal normals are also the principal normals of 
another curve ; as a generalisation we may consider two 
curves so related that the joins of corresponding points have 
constant, but^ different direction-cosines m the two principal 
trihedra. This was done by Demoulin, who; however, only 
considered special cases ; more recently O. Perron {Math. Zs., 
4, 1919, 231-70) and E. Salkowski (Jahresber. D. Math. Verein., 
SO, 1921, 91-9) considered pairs of curves in which the joins 
have the same direction-cosines. B. Spieweek {Jahresber. D. 
Math. Verein., 82, 1923, 271-85) adds the condition that the 
two trihedra shall have a constant relative position, i.e. that 
the tangents, principal normals, and binormals respectively 
make constant angles with each other, shows that, except for 
the helices, the principal normals must then be parallel, and 
obtains the extension of the Bertrand relation between curva- 
ture and torsion that must hold. 

MjnmamOMT. By W. 11. H. Grbavhs, M.A.. Royal Observatory. 
Greenwich. 

Hand K Lines of Calcium in Early Type Stars. — J. S. Plaskett 
{Monihly Notices R.A.S., vol. 84, no. 2, pp. 80-93, 
ipat) gives an account of the work which has been performed 
at the Dominion Astrophysical Observatory with regard to the 
radial velocities deduced from studies of the H and K lines in 
t)<4ype stars. It had been noticed by previous observers that 
the radial velocities obtained from the H and K lines, and also 
from the sodium D lines in early B-type stars differed notably 
from the radial velocities obtained from other lines in the same 
•tars, and it had been suggested that these H and K lines 
asere due to interstellar clouds of calcium and sodium vapour. 
^The chief objection to this hypothesb was the difficulty of 
understanding how« at the low temperatiure which would be' 
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characteristic of such clouds, calcium vapour could be ionised 
so as to give rise to the H and K lines. 

Further observational material is now provided by Dr. 
Plaskett’s researches on the 0-t3rpe and early B-type stars. 
In his paper the observational material is divided first of all 
into three classes, according to the position in the shy. In 
each of these classes there is a notable difference between the 
velocities from the H and K calcium lines and those derived 
from other lines. There is also a general agreement between 
the H and K velocities and the radial component of the reflex 
of the solar motion, although there are slight discrepancies 
which become more pronounced in the Perseus region. One of 
the subdivisions of tne third group (Cygnus region) is devoted 
to the emission 0-types or Wolf-^yet stars. For these stars 
there are no sharp lines available for determinations of stellar 
radial velocities, but the narrow sharp H and K lines are present 
and the velocity determinations from these are in due agree- 
ment with the solar component, although there are sUght 
individual discordances. 

Three further groups are discussed. The first of these 
deals with a number of 0-type stars which could not be included 
in the previous groupings. There are marked differences 
between stellar and calcium velocities, and small but probably 
real differences between the latter and the solar components. 
The fifth group brings together those stars for which the 
differences between stellar and calcium velocities are most 
marked. 

The last group gives the results for a few of the brightiu* 
stars for which sodium D lines are available as well as calcium 
H and K. The stellar velocities differ notably from the calcium 
and sodium velocities, and the agreement between these last 
points to a common origin. It is pointed out that the D lines 
in these stars are very variable in character. 

Proceeding to a discussion of his results. Dr. Plaskett points 
out first of all that they definitely negative the hypothesis that 
the calcium and sodium clouds are connected with the stars 
and are moving with them. He is then led back to the Idea 
of diffuse and widely extended inter-stellar clouds with small 
space velocities, and points out that the small deviations of the 
cloud velocity for different Stars may be due to small local 
motions in the clouds and are no greater than are known to 
exist in different parts of the Orion nebula. He also points 
out that the difficulty with regard to the ionisation of such a 
widely distributed tenuous cloud may be met by supposing 
that in the neighbourhood of high-temperature stars the calcium 
vapour may m ionised b;^ the radiation from the stars them- 
selves, and thus the conditions necessary for the production ol 
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the H and K lines may I^e realised. The appearance of the 
sodium lines presents no difficulty. 

In a further discussion Dr. Plaskett points out the con- 
nection between the above hypothesis and Hubble’s conclusion 
that the luminosity of luminous nebulae is due to excitation 
from stellar radiation. He also gives reasons explaining the 
absence of lines corresponding to other elements in the clouds. 

Stellar Absorption Coefficients. — E. A. Milne in a paper 
entitled “ Statistical Equilibrium in relation to the Photo- 
electric Effect, and its Application to the Determination of 
Absorption Coefficients" {Phil. Mag., vol. 47, pp. 209-41, 
Jan. 1924) applies Einstein's method of probability coefficients 
to the determination of the absorption coefficient in a quantity 
of partially ionised gas. He shows that for small speeds the 
probability of electron capture must vary inversely as the square 
of the velocity of the electron, and gives reasons for suspecting 
that this law holds over a considerable range of velocities. 
Such an inverse square law had been previously deduced by 
£kidington from his theory of capture by collision with the 
nucleus. Assuming such a law of capture, Milne obtains a for- 
mula for the absorption coefficient which is substantially the 
same as the formula obtained by Eddington from the nuclear- 
capture theory, and only differs from Eddington’s formula by 
a factor depending on the relevant ionisation potentials. The 
order of magnitude of these is determined as a function of 
pressure and temperature, and it is shown that, under typical 
stellar conditions, atoms of iron will have lost their L electrons, 
but will mostly retain their two K electrons. 

The Relation between the Masses and Luminosities of the 
Stars. — ^A. S. Eddington {Monthly Notices R.A.S., vol. 84, 

S» pP' 308-32, March 1924) obtains from theoretical con- 
uderations a functional relation between the mass and bolo- 
Bietric absolute magnitude (with a small correction depending 
on temperature) of a star for which the equation for a perfect 
gas may be assumed to hold. On plotting out the masses and 
absolute magnitudes of various stars for which the necessary 
data are available, he finds that the representative points of 
all these stars lie approximately on the theoi^ical curve 
regardless of whether they be giants or dwarfs. It has been 
generally akumed that for dwarf stars of comparatively high 
density, the gas law would not hold, and consequently it 
nmuld have been expected a priori that the representative 
points of such stars would lie considerably off the curve. 
Aldington shows that this is not the case. The mean density 
Of the sun, for instance, is 1*4 times that of water, and yet we 
find its mass and luminosity closely satisfying a theoretical 
tnlfttton involving the equation for a perfect gas 1 The second 
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part of Prof. Eddington’s paper is devoted to a discussion Of 
the theoretical considerations thus opened. 

In the first part of the paper Eddington derives the theo- 
retical relation in question. Various theories of absorption 
coefiiicients in stars obeying the gas law lead to various rela- 
tions connecting the absolute magnitude with the mass and 
effective temperature, but all these relations are very nearly 
the same, with the exception of a constant factor involved 
whose magnitude varies with different hypotheses. In the 
present paper this constant is derived from the mass, absolute 
magnitude, and effective temperature of the giant star Capella, 
and so the resulting relation is to a large extent independent 
of hypotheses as to the mechanisms of emission and absorption. 
The relation so obtained is ; 

L - const X ( I - /S)« /*** T** 

where i —/8-> 0*00309 

In these formulae L is the total radiation, M the mass 
(sun— i), T, the effective temperature, and ft the average 
molecular weight. 

Eddington adopts the value ft— 2*2 and determines the 
constant factor from the data for Capella. He then prepares 
a curve relating M with the bolometric absolute magnitude m 
for an effective temperature T,— 5,200“ A. 

Good determinations of mass and absolute magnitude are 
available for eight components of double stars and less reliable 
ones for twenty-one double star components. On correcting fw 
effective temperature and reducing the visual magnitudes to 
bolometric ones, the representative points are found to lie in aU 
cases very close to the theoretical curve, and the divergences 
can to a large extent be attributed to errors of observation. One 
other representative point is found from six double stars in the 
Hyades, five more points are given by Cepheid variables (assumii^ 
the pulsation theory), and thirteen byeclipsing variables. These 
points all lie close to the theoretical curve. An investigation 
of the effect of an error in the assumed value 2*ii for the 
average molecular weight shou^ that the effect of such an error 
is small, and that the application of corrections for individual 
stars may possibly make the representative points fit the 
theoretical curve still more closely. 

The theoretical formula then gives results in good agreement 
with observation, thiet indicating that the equation for a 
perfect gas is true for most stars. Eddii^on suggests that 
the explanation lies in the high degree of ionisation prevaleidi 
in the stars. Any failure of the gas laws is due to the finitt 
size of the molecules, and Eddington puts forward the view 
that the effective size of an atom for this purpose is detemdswA 
by the orbit of the outermost electron. Under typical ste^ 



ASTRONOMY 183 

condHitions the atoms must, have lost several layers of electrons 
aiul their effective diameters will be of the order io~"| cms. 
at against io‘* cms. for un>ionised atoms. If this view is 
omect, a star with mean density below i ,000 grammes per cubic 
centimetre ought to behave as a perfect gas. 

In this connection the companion of Sirius is of interest. 
The representative point of this star departs from the theoreti- 
cal curve, its magnitude being too small. But if we take its 
effective temperature as 8,000® corresponding to its spectral 
type Fo, its density comes out to be about 53,000, and the theory 
could hardly be expected to apply. Some investigators have 
supposed that the effective temperature of this star is very 
low and is not in accord with its type. If this is the case, the 
visual magnitude will differ appreciably from the bolometric 
and it is possible that the necessary correction will put things 
right, o, Eridani is a similar star, but it agrees quite well 
with the curve. Eddington offers no explanation of this. 

Eddington's results conflict to some extent with the giant 
and dwarf theory of evolution. According to this theory, each 
star changes its absolute magnitude continuously throughout 
the dwarf stage, and this can only be reconciled with the new 
results by supposing that the mass diminishes by radiation to 
an important extent. If this hypothesis is not accepted, the 
well-known statistical diagram of absolute magnitude and 
spectral type cannot be interpreted as indicating the course of 
evolution of a star, but rather as the locus of equilibrium points 
reached by stars of different initial mass. 

Solar Research 

Magnetic Polarities of Sunspots, — It seems now to have 
been definitely established that with the commencement of 
a new sunspot cycle there is a general reversal of the magnetic 
polarities of sunspot groups. Such a reversal was suspected 
at the minimum of 1913. A summary of the Mount Wilson 
observations of sunspots for September and October 1923 is 
given in PuUications of the Astronomical Society of the Pacific, 
vol. 35, no. 208, p. 330, Dec. 1923. Of nine spot groups 
observed in these months, six were in high latitudes and must 
be identified as belonging to the new cycle. The three low- 
latitude ^ups had polarities charactemtic of the old cycle, 
while all but one of the high< 4 atitude groups had the opposite 
liistribution of polarities. 

Occurrence and Distribution of Facuke in Solar Latitude . — 
A paper on this subject from the Royal Observatory, Green- 
wich^ appears in Monthly Notices R.A.S., vol. 84, no. 2, 
pp. 96-9, Dec. 1923. It is found that the observed mean 
laily areas of facute provide a very good criterion of solar 
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activity, and on plotting these areas against the time, the 
resulting curve is very similar to the sunspot curve. Further- 
more faculae, like spots, appear in high latitudes at the com- 
mencement of a cycle, and the mean latitude of facula areas 
decreases as the cycle progresses. A very interesting diagram 
illustrative of this tendency is given, which is prepared in 
the same way as Maunder’s “ butterfly ” diagram. Various 
other phenomena are commented on in the paper. 

Rotation Period of the Sun. — ^Another paper from the Royal 
Observatory, Greenwich, appearing in Monthly Notices R.A.S., 
vol. 84, no. 6, pp. 431-42, April 1924, gives a determination 
of the rotation period of the sun derived from measures of 
faculse. Only recurrent faculae were used, the measures being 
made at intervals of approximately one solar rotation. In 
order to facilitate identification, the examination was chiefly 
restricted to years of lesser solar activity. Denoting by 
the mean daily sidereal motion thus obtained, the formum 
f- I4“‘49 ~ sin*0 - 3*16 sin‘^, where ^ denotes helio- 

graphic latitude, is found to fit the observations very well. 

Life-history of Bright Solar Calcium Flocculi. — A paper on 
this subject by C. P. Butler appears in Monthly Notices R AS., 
vol. 84, No. 3, pp. 134-49, Jan. 1924. Butler finds that 
flocculi appear suddenly, elongate (usually with inclination 
equatorward to the west, but sometimes parallel to the solar 
equator or in a few cases equatorward to the east), and disperse 
gradually at each successive return until finally the area 
becomes indistinguishable from the solar reseau. There are 
no cases of the sudden disappearance of flocculi. Very often, 
but not always, spots develop in a flocculus area. There are 
no instances of spots occurring without some accompanying 
flocculus. 


VJCTAICW. By J. Rice, M.A., University, Liverpool. 

Magnetism and Magneto-Optics. — For many years now it has 
been evident that our information concerning the magneto- 
optic properties of matter is very restricted, owing to the 
comparative weakness of the magnetic fields which can be 
produced in a ph3^ical laboratory. In the main experimenters 
have relied on the use of solenoiib with an iron core, and in this 
way it has been possible to obtain fields of a magnitude 6o/xx> 
gauss in a volume of a few cubic millimetres. It is practically 
impossible to go beyond this limit by this method, owing to tte 
fact that at this stage the iron becomes magnetically saturated. 
There is no reasonable ground for believing that we can obtain 
any ferrom^netic substance whose saturation value is h^hv 
than the iron used in the cores of modern electro-magnets, and 
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whliout such a material we cannot hope to increase the fields 
wlfich can be obtained by such means. 

If we choose to dispense with an iron core, two causes operate 
to keep down the values of the magnetic fields obtainable with 
an uncored solenoid. One is the difficulty of obtaining suf- 
ficiently powerful sources of electric energy ; the second is the 
tendency for the coil to overheat. These factors are so import- 
ant that it is difficult to obtain by this method fields stronger 
that 20,000 gauss, even when the sources of energy are 
extremely powerful and very efficient means for cooling the 
solenoid are employed. The use of liquid air as a cooling agent 
has been suggested, and this would certainly prevent over- 
heating very effectively and would also diminish the power 
required, since at such a low temperature the conductivity of 
copper is considerably increased. But the factor of expense 
comes in ; for it has been calculated that to produce a field of 
100,000 gauss inside a coil of i centimetre internal diameter, 
one would require a source of energy of 400 kilowatts power 
and a supply of liquid air at a rate of 24 litres per second — 
scarcely a feasible proposition. Thus the production of very 
strong magnetic fields by any of the usual methods seems a 
hopeless task. 

An entirely new turn has, however, been given to this branch 
of physical re.search,,and possibilities, almost of a sensational 
nature, are foreshadowed by the publication of some experi- 
ments carried out by P. L. Kapitza in the Cavendish Laboratory 
at Cambridge. The paper appeared in the Proc. Roy. Soc. of 
last June, and there is little doubt that investigators not only 
in magneto-optics but also in such lines as high-temperature and 
high-pressure work, optical and X-ray flashes, and sudden 
powerful discharges in gas tubes, will presently be availing 
themselves of Kapitza’s suggestions and designs. 

Kapitza points out that for nearly all the phenomena which 
we wish to study, such as magneto-optics, paramagnetism and 
diamagnetism, and other effects of atomic origin, we only require 
to produce the magnetic field for a very short time, say the 
hundredth of a second, as these effects will exhibit themselves in 
fields of short duration as well as in permanent fields. No doubt 
the methods bf observing the effects will have to be modified, 
and some thought and ingenuity will be required to overcome 
the difficulties raised thereby ; but the enormous advantage of 
minimising the dangers of overheating will amply repay the 
work expended in this direction. Jn extremely strong fields, 
even of short duration, the scale of effects will be so much 
increased and observation will be all the easier. 

Actually, Kapitza has produced fields of half a million gauss 
lasting for a small fraction of a second and has carried out 
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some preliminary experiments for “ coiling up ” «“ray trades 
in a Wilson expansion chamber (described separately in Proe. 
Camb. Phil. Soc., vol. 21, p. 511;. The Royal Society paper 
quoted above gives an account of the appliances used ior the 
actual production of the field. In the development of tibe 
method four separate problems had to be solved: (i) the 
design of a powerful source of energy ; (2) the design of switches 
and connections for dealing with the high currents involved 
(of the order 10,000 amperes) ; (3) the accurate measurement 
by means of oscillographs of t^se heavy currents ; (4) the 
construction of the most efficient type of coils for producing the 
field. 

The problem of storing the ener^ which has to be dischaiged 
in order to obtain the magnetic field is one which might be solved 
in a variety of ways. A large plant of electro-generators of the 
usual tjrpe would be possible, but scarcely suitable when 
energy is only rec^uired for a small fraction of a second. A 
condenser battery is another obvious suggestion, and it has the 
advantage that the ratio of the power at which it is charged to 
the power at which it is discharged is comparatively laige j 
but it labours under the serious disadvantage that it is difficidt 
in such a way to store a large amount. Thus to store 10,000 
joules (actually required in some of Kapitza’s experiments) 
would have necessitated a condenser battery of about ao 
microfarads charged to 50,000 volts. It might be possible abb 
to store energy magnetically, using an iron core magnetised 
by a current in a primary coil. On breaking the primary 
current it would be possible to obtain in a secondary winding 
wdth a few turns a current strong enough to produce an intense 
magnetic field for a brief period. This method was actually 
tried, but in practice it was impossible to break the primaiy 
circuit with sufficient rapidity to prevent sparking, so that much 
of the energy, instead of going into the secondary, returned 
through the spark into the main circuit. Mechanical accumti* 
lation is also a feasible method, in which the Idnetic energy bf 
a fast-spinning flywheel could be converted by connection with 
an electro-generator of special type and the sudden switchii^ 
in of a small resistance. Expense is a serious matter, however, 
in such a device. 

In the end Kapitza has used chemical storage. Batteries of 
lead-plate accumulators of a specif design were employed, 
These were constructed to be of very small capacity, smiA 
resistance, and of a design so rigid as not!to be dami^d seriously 
by sudden discharges. These batteries could be diarged from 
22o-volt mains at 2 or 3 amperes, and yet could m sefiriy 
discharged through 02 ohm. at a power of 1,000 IdlowattSi 
most efficient discharge taking place vrith a current as great as 
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7^dfO(» amperesi while twice this could be obtained by short- 
cireillting. Special instructions concerning the making and 
care of these cells are given in the paper. The remarkable 
amount of energy }delded by such an accumulator battery in a 
fraction of a second can be demonstrated by the sudden lusiiv 
of copper wire or even the blade of a Gillette razor by a rapid 
discharge through it, the experiment going off in a truly 
sensational manner with a loud report and an intense flash of 
light. The switch gear for producing a current of the order 
10,000 amperes in -oi second required some care and ingenuity 
of design also. Also special oscillographs of the Duddell 
type had to be made to measure the brief currents obtained 
in the coil producing the magnetic field. For the details 
and those of the special coil designed to give the greatest field 
with the current available the reader is referred to the paper. 

There is little doubt that these researches are going to have 
an important effect on laboratory practice in the lines of work 
referred to above. Already, after a year’s experience, Kapitza 
declares it will be quite possible to produce a field of ;i,ooo,ooo 
or 3^000,000 gauss in a coil of 1 mm. internal diameter. There 
are at present, for example, quite a number of interesting 
points about the anomalous Zeeman effect and its relations 
with the normal (i.e. theoretically predicted) effect which 
would be cleared up at once with the possibility of such a 
field well established, 

X-Rays . — In the March number of the Physical Review, 
Prof. Jauncey gives a further paper on the corpuscular 
quantum theory of the scattering of X-rays referred to in 
Science Progress, April 19^4 (No. 72). Jauncey applies the 
theory here to the scattering of polarised X-rays. The main 
result is a proof that in the direction of the electric vector the 
intensity of scattering is not zero, as it should be on classical lines. 
Tidcing the polarising angle as that angle of scattering which 
giyes completely polarised rays from unpolarised primary rays, 
It appears that it is less than 90** for short wave-length, 
approaching 90^ as the wave-length increases. 

, Compton and Hubbard contribute a paper to the April 
number of the Physical Review on a similar topic, in which the 
recoil of electrons from scattered X-rays is treated, first on th 
coirouscular and quantum hypothesis and then on classical lines, 
and it is demonstrated that the conclusions derived from the 
fint postulate are much nearer the facts than those derived 
from the second. 

In the May number of the same journal Boyce gives results 
^ some experiments on the excitation of soft X-rays from the 
heavy elments, tantalum to gold, by electron bombardment at 
lUiti^ between 30 and 1,500 volts, and finds fair agreement 
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with the predictions of Bohr and Coster concerning the iozuMttioil 
potentials of orbits of the N-energy level. In the July nuiober 
there are two papers, one by Crofutt on measurements of 
absorption co-eihcients of homogeneous X-rays, and the second 
by Nolan on the K and L absorption and emission spectra of 
tungsten. 

In the April Phil. Mag. Bradley gives the results of in- 
vestigations by the use of the powder method, a Shearer 
X-ray tube with copper anticathode and a nickel filter on the 
crystal structure of metallic arsenic. In general it resembles 
that of antimony and bismuth, consisting of two interpenetrating 
rhombohedral space lattices, the amount of penetration being 
determined from the relative intensities of the various lines on 
the photographic film. 

Thermionics. — In the Proc. Roy. Soc. for April Prof. 
Richardson deals with some applications of thermodynamics 
to the electron atmospheres in equilibrium with matter. It 
develops earlier theoretical papers of his, and this extension is 
required because recent improvements in technique are enabling 
some of the finer points of the theory to be tested by experiment. 
An interesting point of the paper deals with a univcnal 
constant connected with thermionic effects whose existence had 
been asserted by the author of the paper nearly ten years ago. 
A short paper in the Phys. Rev. of February by the same 
author also deals with this constant (viz. A in the well-known 
equation i = AT*<?“ **•'*), and criticises an earlier paper of 
Dushman (Phys. Rev., 21, 6^3, 1923) dealing with the work- 
function in the equation. A short reply from Dushman is 
printed in this number. To the July number of the Phys. Rev. 
Prof. H. A. Wilson also contributes a theoretical paper dealing 
with similar questions, and points- out how the results throw 
light on the vexed question of the connection between the 
chemical constant and size of the “ region-element ” in the 
quantum theory of the chemical constant, the conclusion b^ng 
in favour of Sackur’s views on this subject. 

Radioactivity. — To the Phil. Ma^. of March Drs. Kirs^ 
and Pettersson contribute some preliminary results of experi- 
ments still in progress on the artificial disintegration by 
bombardment with o-particles from radium C of atoms of the 
elements Sc, Va, Co, and As. H-particles of a range exceedif^ 
1 7 cm. of air exjielled from the atoms are certainly less numerotia 
than one-twentieth of the particles expelled from aluminium. 
Short-range particles are given off from beryllium, magnesiuiii, 
and silicon. The evidence for the disintegration of Uthium 
less conclusive. 

In the February number of the Phil. Mag. Sir Erne# 
Rutherford deals with the experunental results obtained 1 ;^ 
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Headenon using the photographic*inagnetic field method 
Roy, Soc., A log, 496, 1992). and by himself using the 
sdntyiation method (this paper) on the capture and loss of 
electrons by o-partides. The question at issue is how far •• 
particles can capture electrons in the early parts of their range. 
No one apparently suspected the possibility of this before 
Henderson's results were published, and Rutherford’s experi* 
ments attempt to test Henderson’s conclusions by another 
method and find general agreement. But in the discussion 
which follows the account of his experiments the author points 
out that many points in the theory must remain obscure and 
interpretation of experimental results doubtful until we have 
more information concerning the mechanism of the capture of 
electrons by charged atoms. There appears to be little doubt, 
however, that swift a-particles can capture an electron, 
o-partides which have captured two electrons and thus become 
neutral helium are only present to a noteworthy extent at the 
lowest velodties which can be examined by the sdntillation 
method. But in a beam of more swiftly moving partides whose 
velodty is determined by the thickness of foil which it has 
penetrated and emerged from, there is a definite mixture of 
o-partides and o-partides which have captured one electron, 
tlw ratio of mixture depending in the main on the velodty and 
only to a slight extent on the nature of the foil. This ratio 
is thus a rapidly varying function of the velocity and almost 
independent of other conditions. In the same number of 
the Phil. Mag. R. H. Fowler contributes a theoretical dis- 
cussion of the phenomenon based on thermodynamical and 
stetistical considerations. He shows that the existence of this 
ratio probably arises from an equilibrium between the various 
constituents involved of the nature of a thermodynamic 
ec^lilnium, corresponding to thermodynamic conditions in 
wmch the electron density is about 2 x lo** per c.c. 
(equal to that of the lightly bound electrons in the interior of 
an atom), and at a temperature at which electrons would have 
an averse vdodty equal to that of the a-particle. (This 
WCHild be nearly 6,000,000® C. for the initial velodty of o-partides 
fmm RaC.) dapture and loss is probably a collision-mechanism 
and non-radiative in character. 

SnioASlO tgOMamiT. By O. L. Brady, D.Sc., F.I.C.. University 
College, London. 

Tio Bockmann Transformation , — ^Meisenheimer and his co» 
^rkers (Bar,, 1921, M [B], 3195, 3206 ; 1924 , 57 [B], 276, 282, 
mm) have made an interesting and important contribution to 
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C,H,-C-CO-C,H, 


C,H,-C-CO-e,H, 


NOH 

a-Benzilnionoxime m.p. 138' 

[i] 

I PCI. 

QH5-C-CI 


HON 

/ 9 *Benzilmonoxime m.p. 113' 
[ii] 

jPCl. 

HOC-COC:,H, 


N-COCeH, C,H,*N 

C,h]S C^COCl C,H,-NH-CO-COC,H, C,H,NC C,H,C(5oH 


The o- and / 3 -Benzilmonoximes have previously been assigned 
the formulaj [i] and [ii] on account of their behaviour when 
they undergo the Beckmann change, the former giving benzo- 
nitrile and benzoyl chloride and the latter benzoylformanilide, 
phenylcarbylamine, and benzoic acid. The assumption was 
that the oximino-hydroxyl group exchanged places with the 
neighbouring group attached to the carbon atom ; Meisenlniimer 
now suggests that this is incorrect and that the transformation 
takes place between the groups in the anh'-position to one 
another thus ; 

R-C*R* HO>C-R* 

II II 

NOH NR 

He has found that 3:4: 5-triphenyliso-oxazole [iii], on 
treatment with ozone followed by water, gave benzo;^-id- 
benzil monoxime [iv], which could be hydrolysed to /8-benzil- 
monoxime and could be regenerated, by benzoylation of tlte 
/ 9 -oxime. The reaction is represented thus ; 

C,H, • C C • C,H, o, C,H, • C COC,H, 

N-O-C-QH, NOCOC,H, 

[iii] [iv] 

The structure [iv] is that which, previously, would httve 
been given to benzoyl-a-benzilmonoxime, but Meisenheijtttr 
considers that this reaction, the normal addition of ozone to 
the double bond, would not bring about isomeric change* aiMi 
that consequently the formulae for the benzihnonoximes mvifft 
be interchanged ; it follows accordingly that the Beckmann 
Transformation occurs in the trans and not the Hs direction* 

In this connection it was necessary to investigate tt|e 
benzoyl derivative of the a-oxime in order to study its stability* 
but here unfortimately some difficulty arises. Meisenheimef In 
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igsMho^ht that the action of benzoyl chloride in i>yridine on 
the flt-oxime gave rise, not to the benzoyl-derivative of the 
oxime, but to the Beckmann transformation product ON- 
dibenzoyl-isobenzamide [v], following Werner and Piguet {Btr,, 
1904, 87,4295), since the compound on hydrolysis with sodium 
hydroxide gave not the oxime, as happens with acetyl-a- 
benzilmonoxime, but benzonitrile and benzoic acid : 

C,H 5 -C- 0 -C 0 C,H, 

II QHjCN + 2 C,H,C 00 H 

NCOCtH, 

[v] 

This year, however, the same compound has been obtained by 
the action of benzoic anhydride on the a-oxime and has been 
found to reduce with zinc dust and acetic acid to deoxybenzoin, 
QHj . CO . CH, , CjHs in the same manner as the o-oxime itself ; 
it is considered, therefore, to be the true benzoyl-a-benzil- 
monoxime. 

Meisenheimer suggests the following interpretation of the 
Beckmann Transformation : 

R*C-R‘ RC R-COH R*C :0 

II 0 — ^ II I 

HO‘N HO -NR* NR‘ NHR‘ 

[vi] [vii] [viii] [ix] 

In the compound [vi] the aryl group R exerts an attraction 
on the hydroxyl group, displacing it somewhat, accordingly 
the residual affinity of the nitrogen atom on the side remote 
from the hydroxyl group is strengthened and in certain cir- 
cumstances becomes so great that the group R* is attracted 
to it with the momentary formation of a compound [vii] con- 
taining quadrivalent nitrogen and tervalent carbon ; the 
hydroxyl group has little affinity for nitrogen and is therefore 
eliminated, naturally becoming attached to the tervalent carbon 
[viiil, tautomeric change finally taking place with the formation 
of the amide [ix]. 

If the above conclusions are accepted, it becomes necessary 
to modify the formuke of the benzildioximes, which are now 
given the structures : 

C-C,H, C,H,*C C-C,H, C,H,-C C-C,H, 


HON NOH NOH HON NOH NOH 

• m.p. 238® /3 m.p. 207* 7 m.p. 163“ 

hlrisenheimer discusses these new conf^urations in the light 
^olji^ydride formation. 

^ .^me confirmation of the above views is afforded by the 
btil^vioar of the two forms of o-aminobenzophenone oxime to 
wlt^ Meisenheimer gives the formula [x] and [xi]. 
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pv €.C.H.^ CO p, C^QH, 

k^NH, II ^ kJNH, k^NH, 1 

HON NOH 


m.p. 156* 

W 


[xii] 


m.p. |s6* 

C«] 


C-C.H, p C-QH, 

N(;N)-0-N kJ— O— N 

[xiii] [xiv] 

In the Beckmann change [x] gives the anilide of anthranilic 
acid [xii], the conversion occurring in the trans direction ; [xi] 
does not give a crystallisable product. The evidence in favow 
of assigning a structure to [x] in which the hydroxyl group is in 
proximity to the amino group is that this compound, when 
treated with nitrous acid, very readily passes into the indoxazine 
[xiv], probably through the diazo-anhydride [xiii], whereas 
the compound [xi] does not give this reaction. 

Though Meisenheimer’s suggestions are of great importance, 
much more evidence is required before finality is reached. The 
work on the benzoyl-benzilmonoximes is not entirely immune 
from criticism, whilst the behaviourof the o-aminobenzophenone 
oximes could be explained in another way employing the older 
ideas. 

The Synthesis of AmygdaUn. — ^The structure of the sugar 
residue in amygdalin has been determined by Haworth and 
Leitch (Trans. Chetn. Soc,, 1922, 1£L, 1921) and the identity 
of amygdalin biose with gentiobiose established by Haworth 
and Wylam (ibid., 1923, 1 S 8 , 3120 y compare also ^mplen, 
Ber., 1924, 57 [B], 698). Hudson (J. Amer. Chem. Soc,, 11^4, 
46 , 483) by a difi'erent path has come to the same conclusion. 
The imf>ortant synthesis of amygdalin has now been achieved 
by Campbell and Haworth (Trans. Chem. Soc., 1924, 186 , 1337) : 


I— CHOH 


HOH 


0 I 

LCHOH 


H 


HOH 


CHiOH 

CHOH 

L— 


i, 


HOH 


AetO + HBr 
> 


pCHBr 

CHOAc 

0 1 

1 CHOAc 

Uh 


:hoh 
— 0-J:h — 

[xv] 


i 

^Hr- 


HOAc 


CHtOAc 

(^HOAi^ 

k 

I 

CHOAc 
I 0 
CHOAc 
I 


[xvi] 


-0~CH- 



j-CH-O-CH-QH, 

iHOH 

0 ^HOH «- 

L-in 

1 

[xviii] 
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|^C«H«CHOHOOOBt 

CONHi COOEt 

,-CHOCH'C,H, 

i. 


NHi 


I 

rf-hepta-acetyl- 

amygdalinamide 

[xix] 

CN 


:hoac 
6 CHOAc 

u„ 



[xvii] 

pCH-0-CH(CN)-C,H5 

1 CHOH 

0 I 

1 CHOH 

Uh 

I 

CHOH 

I 

CH, 0 


[xxi] 


CH,OH 

CHOM 


CH j 

CHOH I 
I 0 

CHOH I 
-CH 1 


Gisntiobiose [xv], synthesised by Bourquelot, H4rissey, and 
0>iTf« (Compi. rmd., 1913, 187, 732) by the action of emulsin 
OQ riucose, was brominated and acetylated by solution in 
anhydride saturated with hydrobromic acid ; the hepta- 
aoetYl«^-l^mogentiobiose [xvi] formed was condensed with 
etliyl dT>mandeute in the presence of silver oxide giving hepta- 
tux^Ml-amygdalinic ester [xvii] which was converted by 
<iipg|iDl ic ammonia into amygdalinamide [xviii]. Reacetylation 
lit tte presence of pyridine gave hepta-acetyiamygdalinamide, 
jfrintyliiing one molecule of combined pyridine; this was re- 
folmid ^ fractional crystallisation and the d-hepta>aoetyl> 
m^Oqpialiiiaimde [xix] dehydrated 1^ boiling in xylene with 
fiMlflumc oxide givii^ d-hepta-«cetylamygdalin [xx] which 
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was deacetylated by the method of Fischer and Bergmann 
(Ber., 1917, M [B], 1065) giving amygdalin [xxi}. 

The Decomposition of Alkyl Hypochlontes, — ^The little-known 
alkyl hypochlorites have been further investigated by Chatta- 
way and Backeberg (Trans. Chem, Soc., 1923, 128, 2999}. The 
primary and secondary alkyl hyjjochlorites are very unstable 
and explode when exposed to bright light ; even in the dark 
they decompose vigorously at the ordinary temperature giving 
aldehydes and ketones. 

R • CH,OCl -» R * CHO + HCl R,CHOa R.CO + HCl 

The tertiary alkyl hypochlorites are more stable, but when 
exposed to bright sunlight decompose to give ketones and other 
products not yet identified. 

R,COCl->R.CO + RCl 

Except for the rather dangerous properties of these compounds, 
they provide a method for the preparation of .aldehydes and 
ketones which may prove useful, since the hypochlorites can 
be obtained in almost theoretical yield from the well-cooled 
alcohol, sodium hydroxide, and chlorine in the absence of light. 

The same authors (Trans. Chem. Soc., 1924, US, 1097) 
have shown that ethyl hypochlorite is the ^t product in the 
formation of chloral from alcohol and chlorine and have re- 
interpreted the course of this well-known reaction. 

CH, CH,OH % CH,-CH,OCl + HQ -> CH.-CHO + HQ 

[xxii] 

(CH,-CHO),-» (CH,ClCHO),-» CH,C 1 CH 0 -» CH,Cl-CH(OH)OEt 

[xxiii] 

.-vCH,Cl*CHCl*OEt 

CH,a-CH(OH)OEt<r [xxv] CHCl.-CHClOEt 

CH|ChCH(OEt)| [xxvi] 

[xxiv] 

CHCl,-CH(OH)OEt -> CCVCH(OH)OEt 
[xxvii] [xxviii] 

The ethyl hypochlorite [xxii] first formed decomposes to 
give acetaldehyde, which in the presence of the hyt^gen 
chloride also formed polymerises to paracetaldehyde ; &is 
suffers further chlorination giving s-trichlorparacetaktehyde 
which partly depolymerises to monochloracetaldehyde ’udiich 
combines with the alcohol jn-esent to form the alcoihohtS 
[xxiii]. The alcoholate reacts further either with alcoW to 
form monochloracetal [xxiv] or with the hydrogen cbdoufote. , 
now present in considerable quantity, to form dichlotot^: 
ether [xxv] ; both these compounds on further chlorinatio^f^ 
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trichlorethyl ether [xxvi]. > At this stage the reaction mixture 
separates into two layers, the bottom consisting of trichlorethyl 
ether mnd the top of aqueous hydrogen chloride. On warming, 
the liquid again becomes homogeneous, the trichlorethyl ether 
reactir^ with the water to form dichloracetaldehyde alcoholate 
[xxvii] which is slowly chlorinated to chloral alcoholate [xxviii], 
the final product of the reaction. 


OaOSOOT. By G. W. Tyrrell. F.G.S.. A.R.C.Sc., Ph.D.. University, 

Glasgow. 

Sedimentary Rocks and Sedimentation. — ^Dr. W. Mackie has 
directed attention to the prevalence of a particular type of 
zircon, characterised by a purple colour of varying intensity, 
and by rounded or ovoid shapes, in many of the sedimentary 
rocks of Scotland ranging in age from the Dalradian to the 
present day {Trans. Edinburgh Geol. Soc., 11, pt. 2, 1923, pp. 
200-13). The source of these zircons has now been identified 
in the Lewisian Gneiss of the north-west of Scotland. Purple 
zircons have also been found by Dr. Mackie in specimens of 
Canadian Archaean gneisses. 

Dr. Mackie has also discussed in some detail the principles 
that regulate the distribution of particles of heavy minerals 
in sedimentary rocks, as illustrated by the sandstones of the 
north-east of Scotland {ibid,, pp. 138-64). A mineralogical 
point of considerable interest is the record of andalusite in 
sediments as old as the Middle Old Red Sandstone. It is 
stated that this mineral probably occurs more frequently than 
recorded, as its mode of decomposition and association hinder 
its recognition. 

H. P. Lewis records the occurrence of detrital barytes in the 
Permian basal sand at Nitticarhill, Yorkshire {Geol. Mag., 

1923, pp. 307-13). Garnet, zircon, tourmaline, apatite, 
monazite, staurolite, ilmenite, and rutile occur as associated 
heavy minerals. These minerals occur in the Coal Measures 
to the west, in which barytes is found as a coating on joint 
fdanes. The source of the Permian sandstone is therefore 
traced to these rocks rather than to the barytes-bearing Car- 
boniferous Limestone veins of Derbyshire, a conclusion which 
is reinforced by the absence of fluorspar from the sandstones. 

The Verden Sandstone, described by Reed and Meland 
0 mfn. Geol., 9 i, 1924, pp. 150-67), is a supposed river-channel 
wposit in the j^rmian Red Beds of south-western Oklahoma. 
The study of its petrological and palaeontological characters 
|the latter regarded merely as sedimentation data) shows that 
ime roclpi were probably deposited by a river which flowed north- 
Svest ktm the Arbuckie Mountains. The abundant calcareous 
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cement of the rock was deposited mechanically as a fineiiaMw 
mud. The rather peculiar lithological features of the sand- 
stone are interpreted as due to deposition under cloudburst 
conditions at long intervals, such as are prevalent iu inqat 
arid regions. 

£. M. Kindle has compiled and collated the data relative 
to ice-bome sediments which have been collected by the Cuiadian 
and other Arctic expeditions (Amer. Joum. Set. (s), 7 * 1934, 
pp. 351-85), in order to review the efficiency of sea-ice as a 
distributor of sediments within the Polar Basin and the North 
Atlantic. He has thus considered the possibility of wind trans- 
portation of sediments on to sea-ice, the relative efficiency of 
marine and non-marine ice in transport, the carrying capacity 
of ground-ice, floe-hnd berg-ice, and also records of life on sea- 
ice. Floe- and berg-ice is believed to be the most highly effi- 
cient agent concerned with the wide distribution over the 
sea-floor of the detritus of the circumpolar lands. Much of 
this material is being transported to the North Atlantic, and 
deposited in definite belts determined by the position and 
direction of ocean currents. 

In a paper on alg® as limestone makers and climatic indi- 
cators, W. S. Clock (Anter. Joum. Set. (5), 6. 1933, pp. 377-408) 
shows that lime-secreting forms become most numerous in 
sub-tropical and tropical regions, and thus attain their greatest 
development and perform their most potent geological work 
in the warmer oceanic waters. The precipitation of time in 
quantity sufficient to form limestone beds of any size and of 
ordinary purity appears to take place best where the conditions 
of sedimentation are not irrevocably altered by exigencies of 
climate, and where a large share of the resident marine organbns 
(as on coral reefs) assist in the construction of the deposit. 

The ferruginous cherts of Notre Dame Bay, Newfo undland , 
described by E. Sampson {Joum. Geol., 81 * 1933, S7i-9i)i, 
present features remarkably in common with those of 
m age and^ geological occurrence. They occur in a series of 
rocks ranging from Cambrian to Silurian, largely volcanm 
origin, and showing “ pillow ” structures in great perfeetkm* 
The chert appears^ in the interspaces between the pitiowa.;! 
and also^ as heavy jasper beds, and as thinner beds amineiat f^ 
mth acid tuffs. The bedded chert contains radiolaria an 
incidental fossils. The silica is believed to have been contfi- 
buted to a marine basin as magmatic emanations from autl!^ 
marine vents or fissures. Its precipitation is believed to bo 
due to the ions of sea-water having an opposite elecbb^d 
charge to the colloidal silica ; and in lesser degree to opposltd^H 
chargped colloids formed by the interaction of the magmatic 
with the sea-water. 
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P« B. Stockdale has written a dissertation on " StyloUtes : 
tiMik Nature and Origin '* {Indiana Univ. Studies, 9 , 1922, pp. 
07). The writer has not been able to see a copy of this work, 
but the following is a short summary taken from the Amer. 
Jmm, Sci., Jan. 1924. The thesis is that stylolites originate 
m solid limestones that are under static pressure, and that 
they are not formed in unconsolidated material. There is 
actual rock removal by differential solution due to percolating 
ground- waters. The solution is demonstrated by the residual 
clay left along the stylolite lines. 

Metamor^ic Rocks and Metamorphism, — P. Eskola has 
recently elaliorated a conception of " facies " in metamorphic 
rocks whereby they are divided into groups, each of varying 
chemical composition, but characterised by a definite set of 
minerals which, under the P.T. conditions obtaining during 
their formation, were in perfect equilibrium one with another 
(“The Mineral Facies of Rocks,” Norsk GeoL Tidsskr., 6> 1920, 
14^-94). Since the original paper is not accessible to the 
writer, Eskola 's views have been taken from a summary by 
Eskola himself in “ The Eclogites of Norway ” {Vidensk.-selsk 
Skf,, I, M.-N., Kl. Kristiania, 1921, pp. 118, Intro, pp. 4-5; 

fliiho Science Progress, Jan. 1923, p. 366), from a discussion 
by F. Becke (Tscherm. Min. u. Petr. Mittk., Bd. 85 , Heft 5-6, 
l^ai, 215-30), and especially from a discussion by Dr. C. E. 
Tilley {Geot. Mag., 81 , 1924, 167-71). 

j&kola distinguishes five facies (by no means all that are 
possible), namely, the sanidinite, hornfels, greenschist, amphi- 
ooHte, and eclogite facies. As the rocks belonging to a given 
lades have originated under similar P.T. conditions, and in 
general have arrived at a state of equilibrium which appears 
to be independent of the mode of crystallisation, whether 
metamorphic or magmatic, each metamorphic facies may be 
paralleled by an igneous facies. Thus, corresponding to the 
five metamorphic facies given above, Eskola gives the igneous 
equivalent as the diabase, gabbro, helsinkite, homblende-gahbro, 
tsMi igneosts eclogite facies. 

Both Becke and Tilley criticise the use of the overworked 
fcrm facies in this connection. Tilley has united the idea of 
pwh of metamorphism with that of facies. Rocks which 
belong to the same facies may be said to be in the same meta- 
ansrphic grade, i.e. are isofacial or isogradic. Thus the meta- 
nmrphic zones studied by Mr. G. Barrow in the S.E. Highlands, 
wMdi are indicated by the ent^ of certain index minerals, 
eiilarite, biotite, garnet, staurolite, kyanite, and sillimanite, 
am eacn isogradic ; and we may speak of a chlorite iso^rad, 
VUmet isograd, etc., an isowad beii^ defined as a line joining 
tmkitt where the rocks suffered metamorphism imder similar 
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P.T. conditions. The isograd, however, is clearly only the 
intersection of an inclined isogradic surface with the eaith^s 
surface. 

Eskola’s contention that the minerals in a given tneta> 
morphic facies are in complete chemical equilibrium is combated 
by both Becke and Tilley, who point to numerous obvious cases 
of departure from equilibrium in metamorphic rocks. The lag 
effect on change from high-grade metamorphic conditions to 
low-grade (mainly from high temperature to low temperature) 
is enormous ; and high-grade mineral assemblages are much 
less susceptible to further change than rocks originally composed 
of degracktion minerals. Because of this and other considera- 
tions the natural metamorphic rocks can be fitted only roughly 
and approximately into a facies classification ; but E^kola's 
conception will unquestionably be useful in the study of r^ons 
of progressive metamorphism such as the Scottish and Scan- 
^navian Highlands. 

Dr. C. E. Tilley has given a most valuable contribution 
to Highland petrology in his study of contact-metamorphism 
in the Qtrnrie area of Perthshire {Quart. Joum. Geol. Soc., 80 * 
1934, 23-71). The Carn Chois diorite is there intruded alinost 
entirely into the Ben Ledi Grit Series. The latter is of variable 
chemical composition, but mainly siliceous ; and there has 
resulted from its metamorphism a wide range of hornfelsed 
rocks. Some of the mineral assemblages have not previously 
been recorded from British contact zones. There are, for 
example, remarkable and abundant corundum- and spiael- 
hornfels, a coarse fluor-violet cordierite-hornfels, and a group 
of hypersthene-hornfels. Calcsilicate hornfels, however, are 
extremely rare ; but one of the Dalradian epidiorites has 
been metamorphosed with partial to almost complete re- 
construction. Dr. Tilley describes all the mineral trans- 
formations that have occurred, and has attempted to follow 
out the changes in chemical equilibriiun which have taken 
place. 

G. M. Schwartz has given the results of a study of the 
contact-metamorphism^ of a basic rock (the Ely Greenstone of 
Minnesota) by both acid and basic intrusives {Joum. G0OL, ll» 
1024, 89-138). The Ely Greenstone consists of Pre-Cambrian 
ellipsoidal lavas and tuffs, apparently spilitic, all much altered 
by low-grade metamorphism. As a result of granitic intrusimi 
this rock is metamorphosed to a hornblende schist, but without 
detraction of the major structural features such as the eltip- 
soidal shapes. The effect of the intrusion of the Duluth gabbro, 
however, is the formation of a p}rroxenic hornfels with grano- 
blastic texture.^ The difference between the two modes of 
metamorphism is believed to be due to the higher temperature 
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an4 relative ‘ dryness " of the gabbro as compared with the 
granitic. 

Amongst the metamorphic rocks from S.W. Togoland de- 
scribed by T. Robertson (GeoL Mag., 61 > 1924, 116-35) btc 
hyi>ersthene-gneisses ranging in composition from quite siliceous 
varieties to p3rroxenites. These rocks appear to have much in 
common with the charnockite series of India ; and similar 
types have been found in other West African localities such as 
French Guinea and Benguella. 

Other notable contributions to the study of metamorphic 
rocks are “ Ueber die Petrologic des Otravaaragebietes im 
dstlichen Finland ” by M. Saxdn {Inaug. Diss. Helsingfors, 
* 923 » 63 pp)., and “ Die Kristalline Schiefer des Pernar Dagh 
in Oestmazedonien ” by O. H. Erdmannsdorfer (Neues Jakrb. 
/. Min. Beil. Bd., 48 . 1923, pp. 75-112). 

Stratigraphical and Regional Geology. — A valuable Geological 
Survey Memoir by Mr. H. H. Read on the Geology of the Country 
round Banff, Huntly, and Turriff (Expl. of Sheets 86 and 96, Mem. 
Geol. Surv., Scotland, 1923, 240 pp.) contains much new matter 
on a part of the Highland Schist region which has been rela- 
tively little studied. The rocks are well exposed in the magni- 
ficent Banffshire coast section, and are separable into a 
western or Keith division, and an eastern or Banff division. 
The Keith division shows a high-grade metamorphic facies, 
its rocks being gneisses, granulites, quartzites, and schists, 
and its characteristic minerals garnet, staurolite, kyanite, 
and sillimanite. The Banff division, on the other hand, 
ejchibits a relatively low-grade metamorphism ; its rocks are 
phyllites, slates, grits, and limestones, with andalusite as a 
characteristic mineral. The two divisions are separated by 
a line of discontinuity, the Boyne Line, which appears to be 
the trace of a folded thrust plane. The Keith division is 
probably the north-eastern continuation of the Perthshire 
Ixhists ; but the Banff division is believed to be limited to 
the north-east of Scotland. 

The chief conclusions of Mr. J. F. N. Green’s paper on the 
structure of the Bowmore-Portaskaig district of Islay {Quart. 
Joum. Geol. Soc., 80 , pt. i, 1924, PP. 72-105) are that the 
Bowmore Sandstone of the Survey consists in reality partly 
of the Portaskaig Conglomerate and its associated arkosic 
sandstones, and partly of the fl^gy passage beds ([Bowmore 
Flags) between the Islay Quartzite and the Dolomitic Flags. 
Further, the great Loch Skerrols Thrust is said to be non- 
existent. Mr. Green invokes but one system of folding to 
e^lain the structure ; it consists of synclinoria and anticlinoria 
with isoclinal folds the axes of which have a low dip. The 
papier records a wealth of new observations impossible to 
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summarise here. Its main conclusions are sharply control 
verted by Mr. E. B. Bailey and supported by Mr. G. Banw 
in an interesting discussion. 

The Upper Ordovician of the south-western part of the 
Berwyn Hills is described by Dr. W. B. R. King (Quart, Joum. 
Geol. Soc., 79 . pt. 4, 1923, pp. 486-507). It is shown that the 
period was one of shallow-water deposition on the whole, but 
the conditions of deposition and the type of sediment varied 
from time to time. Mr. W. J. Pugh has described the geologv 
of the district around Corris and Aberllefenni (Merionethshire), 
in which the rocks belong mainly to the Bala Series, but with 
representatives of the Llandeilo and the Valentian (ibid., pp. 

508-45). 

An excellent synopsis of the geology of the Boulonnais by 
P. Pruvost and J. Pringle fortns one of the excursion memoirs 
of the Geologists’ Association (Ptoc. Geol. Assoc., 86, 1924, pp. 
39-56). The last-named author has a section on the corre- 
lation of the Mesozoic rocks of the Boulonnais with those of 
England. A memoir by £. Nowack on the geology of Albania 
(Neues Jahrb. f. Min. Sonderband, 1, I. Teil, 1923 ; II. Teil, 
1933, 334 pp.) contains the results of an elaborate study whilst 
the author was with the Austro-Hungarian armies during the 
War. The rocks consist of a serpentine-schist-hornstone 
complex probably of Early-Cretaceous age, followed by a loiw 
^taceous-Cainozoic succession, all the members of whim 
have been involved in the intricate folding of the Dinarides, 

A useful sketch of the structural geology of British Malaya 
has been given by J. B. Scrivenor (Joum. Geol., 81 , 1933, pp. 
556-70). The Malay Peninsula belongs to a region of strongly- 
marked coulisses (short arcs in echelon) which sweep throu gh 
the Archipelago in a semicircular band which ends up in the 
Philippines. Sedimentary and volcanic rocks ranging from 
the iwwer CarboniferoiK to the Rhaetic were folded into the 
arcs in Late Mesozoic times> and the folding was accompanied 
by enormous intrusions of granite which brought in the tin 
ore for which Malaya is noted. 

There are to hand two important papers on the structtnral 
geology of the Bushveldt igneous complex in the IVansvaal. 
The memoir by R. A. Daly and G. A. Molengraaf (Joum. Geol., 
88, 1924, pp. 1-35) conmins significant data on the mechanism 
of intrusion, which will be dealt with later under anotW 
heading. But important stratigraphical conclusions have also 
been reached. In the Transvaal the Waterberg sediments 
rest unconformably on the Transvaal System ; and the great 
Bushveldt complex of norite, pyroxenite, anorthosite, diamse, 
granophyre, and coarse granite is supposed to have fieim 
injected along the plane of unconformity. Daly and MolengnHtf, 
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However, appear to have demonstrated an erosion unconformity 
s^^rating the Bushveldt cbmplex from the overl3dng Water- 
beig. This obviously necessitates an alteration in the geo- 
logiral time-table for South Africa, since the Waterberg sedi- 
ments must have been deposited long after, and not before 
the emplacement of the Bushveldt igneous rocks. 

The second paper is by A. L. Hall and A. L. du Toit on 
the section across the floor of the Bushveldt complex at the 
Hartebeestpoort Damj west of Pretoria (Trans. G«ol. Soe. S. 
Africa, 86, 1923, pp. 69-97). The Bushveldt complex here 
rests on the highest beds of the Pretoria Series represented 
by quartzites with a shale near the top. With the emplace- 
ment of the main norite mass, basic sills were injected into the 
shale horizon and the overlying quartzite. The effect of the 
magmatic activity has been intense thermal metamorphism 
reaching down to not less than 1,200 feet below the base of 
the lopolith. The sills have taken up and assimilated various 
sediments, with the production of peculiar cordierite-rich rocks 
very similar to those recently described by Read from Aberdeen- 
shire (Science Progress, April 1924, p. 539). 


BOXAVT. By E. J. Sausbukv, D.Sc., F.L.S., University College, 

London. 

Genetics, etc. — ^The polymorphic Genus Rubus has been investi- 
gated by Longley {Amer. Joum. Bot., April 1924), who finds 
that cytologically the Brambles offer many points of resemblance 
to the Roses studied by Harrison and others. Strasburger, 
who examined three species of this genus, found six chromo- 
somes as the haploid number. Longley examined one of 
these same species and came to the conclusion that the haploid 
number was seven, as was also the case in R. occidentalis, R. 
cdoratus, R. alleghaniensis, R. ideeus var. canadensis, etc. 
In all these species the pollen was mostly good with only about 
4-20 per cent, imperfect pollen grains. 

R. ceesius, v. turkestanicus, and R. corylifoUus were found 
to have fourteen chromosomes as the haploid number. In /?. 
delidosus the number was lo-ii, and in thirteen Blackberries, 
mostly exhibiting a high percentage of imperfect pollen, the 
somatic number was 21. In the pollen mother-cells of 
these forms there were present 9 bivalent and i trivalent 
chromosomes, whilst the daughter nuclei contained from 7 
to 12. 

R, pHcatifolius, R. hispidus, etc., in which a high percenta^ 
of imperfect pollen is normal (64-90 per cent.), have a somatic 
ttunaoer as large as 35 and a varying number in the individual 
poHen grains. Still other species have 42 or even 36 chromo- 
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somes as the somatic number and agree in the high {HvpoitijQa 
of infertile pollen. Probably then many of our so-called species 
of Ru^s are of hybrid origin. 

W. Eyster describes an interesting variant of the Maize 
{Amer. Journ. Bot., Jan.) in which the embryo exhibits no 
resting stage but develops viviparously. The number of 
“ seeds ” showing this character was approximately in the 
ratio of three normal to one viviparous. Seeds from plants 
showing this feature when selfed gave an approximate ratio 
of 2 (normal) to i. The results indicate that this character 
is a recessive, and it would appear to be linked with the 
factor for pale yellow endosperm and the factor for albino 
seedling. 

The recognition of individuality in the chromosomes of 
insects and other animals has been satisfactorily demonstrated, 
but evidence for such morphological differentiation amongst 
the chromosomes of plants is at present very meagre. To 
the few examples known Taylor {Amer. Journ. Bot., Jan.) 
now adds Gasteria. 

An account of coupled characters in Dianthus barbatus is 
given by Lilienfeldowna in Acta Soc. Bot. Poloniee, vol. ii, 
no. I. 

An investigation of the genus Cratagus by Longley reveals 
a similar condition to that found in Rubus. There are diploid 
species where the chromosome number is 32 in the somatic 
cells and in which the pollen is normal. There are triploid 
species in which the gametoph^ic chromosome number is 
24 instead of 16 and also tetraploid forms in which the gameto- 
phytic number is 32. In many of the triploid and tetraploid 
species there is no normal pollen formation and the plants are 
completely self-sterile (Amer. Journ. Bot., May 1924). 

&lf-sterility and cross-sterility in tobacco appear to depend 
on the slow rate of growth of the pollen tubes, which in conse- 
quence do not reach the ovules before they cease to be recep- 
tive. Edgar Anderson {Genetics, Jan. 1924) concludes from 
breeding experiments that this sterility is met with when 
both parents have certain factors in common, whilst the cross- 
fertile strains differ in respect to these same factors. 

Miss Saunders showed some years ago that certain white 
strains of Stocks when bred together gave coloured offspring 
and that certain glabrous strains when bred together produced 
hoary offspring. The colour has been shown to depend on at 
least two factors, and this investigator now finds that one of 
these is linked with one of the factors for hoariness in all the 
pure-bred commercial strains studied {Journ. Genetics, April 

1924).. . , ^ / 

Distribution, etc . — In an interglacial deposit in Poland 
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Koj^wska has found remains of trees and herbs mostly repre- 
sented in the forests of the present day, Tilia platyph^llos, 
Fagus syhatica, etc., being important features. In addition, 
however, there are remains of coniferous wood which is identi- 
fied as Tsuga canadensis. This occurrence is compared with 
that of other American species such as Brasenia purpurea, 
DuUchium spathaceum, and Fraxinus americana, which too are 
onljr known from Europe as Interglacial remains {Bot. Gae., 
April 1924). 

Erdtman in a recent communication to the Linnsean Society 
(June sth) described the results of the examination of pollen 
from Scottish peat deposits. Betula pollen constitutes about 
70 per cent, of the total, next in order of importance being 
Pinus ( i 4’6 per cent.), Alnus (11 -8 per cent.), Salix (11*25 per 
cent.), Carpinus (4*25 per cent.), Quercus (2*4 per cent.), and 
Ulmus (i*2 per cent.). Fagus, Ilex, Acer, and Tilia, though 
met with, were rare. The record of Carpinus is of considerable 
interest, as the previous records from fossil deposits in Britain 
(viz., pre-, late-Glacial, and Roman) were all from locations 
south of the Wash. The occurrence of Fagus is also note- 
worthy as indicating that the beech formerly had a much 
wider distribution, as a wild tree, than now, and would seem 
to negative the idea that the present restricted range is an 
indication of the recent immigration of the beech. 

Ecological . — Forrest Shreve has made thermographic records 
of soil temperatures, at a uniform depth of 3 ins. at altitudes 
of 7,000, 8,000, and 9,000 ft. on both north and south exposures. 
In general the results show a difference at 9,000 ft. of over 18® F. 
as regards maximum temperatures. At the same altitude the 
minimum was 4*5® F. lower on the north asract than on the 
south aspect. The range decreased with altitude and was 
always smaller on the northern slope. Comparison of the 
temperature changes of the soil with the changes in the natural 
vegetation at different altitudes leads the author to conclude 
that the ratio of evaporation to soil moisture is of more import- 
ance than the soil temperature in determining the plant 
covering {Ecology, April 1924). 

A study of the weed flora of experimental arable plots at 
Rothamsted by K. Warrington {Joum. Ecology, Jan. 1924) 
leads to the conclusion that a predominant perennial type of 
weed flora (Tussilago far far a, Equisetum arvense, Cirsiunt or- 
vense) is indicative of manorial deficiency especially with 
resi>ect to nitrogen. Where adequate nitrogen supplies are 
available, annual weeds preponderate. Except in the case of 
monounced deficiencies, the manurial treatment appears to 
be Quite subordinate in its effect on the weed flora to the effect 
of the nature of the crop and its mode of culture. 
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The lelation between the Calcium soluable in normal liO 
and the value for a very large number of soils has tKsen 
determined by Swanson, Ckiiney and Latshaw (Soii Scu, March 
1924). The relation in general appeam to 1 m a close oaOf 
provided the physical texture of the soil remains the sa^. 

Duley, in the same journal, reports the results of liming 
experiments which indicate that the Calcium soluable in 0'04M. 
carbonated water gives a truer estimate of lime deficienc;jr as 
it affects the plant than the amount soluable in weak nitfic 
acid or the soil acidity itself. 

The vegetation for Cuban coral reefs is described by Uphof 
(Amer. Journ. Bot., June 1924), who states that the first colonisers 
are the succulent and haloph3rtic Sesuvium microphyllum and 
Phylloxerus vermicularis. Salicornia permnis and DistickU$ 
^icata occupy the deeper soil and cover considerable areas. 
Beyond the halophytic zone shrubs occur, amongst the important 
species being Conocarpus erecta (Combretaceae), Borrichia cuPor^ 
escens (Compositse), Rachicallis mariiima (Rubiaceae), SestHtium 
portulacasirum, and Coccolobis uvifera, which last gives rise 
to extensive pure societies. 

Kuhnholtz>Lordat has published an extensive account of 
the Vegetation of the “ Dunes du Golfe du Lion ” (Montpellier, 
pp. 308 with 3 maps and 20 plates). The variations in the 
vegetation are due almost exclusively to soil factors, of which 
the calcium content and degree of mobility are regarded as 
the most important. The optimum speed of the wind for dune 
growth appears to be about loM, per second, and consideraUe 
significance is attached to the degree of interference of the 
various species. The pioneers on the foreshore are Agropyrum 
junceum and Sporobolus pungens, which are followed by 
Psamnta, or this last may itself become the pioneer under leas 
halophytic conditions. 

On the low-lying shores liable to maritime inundation in 
winter, dunes may arise through the growth of Salicomm 
macrostachya and Inula crithmoides, to be followed by Psamnta 
as the level is raised. With the dominance of the Marram 
grass come a number of less specialised species, such as M^icago 
marina and Anthemis mariiima, to be followed, as the dune 
degenerates, b^ a dominance of Crucianella maritima. The 
damp hollows in the dunes, evidently corresponding to the 
" lows '' of English dunes, are dominated by Scirpta 
holoschoenus, accompanied by StaHce betlidifolia. On old 
non-wooded dunes Rumex Hngitanus or Ssdum altissinmm 
become the important species and are perhaps the precursors 
of a Maqui-like type of vegetation. Old wooded dunes are 
dominated by Pinus pinea, to which the Qstetum of C. 
salvifdius is possibly related as a degradation stage. 
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ToxoMom^. — A number of new species are described by 
F. Nabelek (in Publ. d, 1 . FacuUe d. Sciences d. I’Univ. Masaryh., 
35) belon^ng to the following genera : Papemer, AstragMus 
{ 6 }j Glaucium, Silene, Saponaria, Trifolium, Gypsophila, Psv- 
nu$a, Onobrychis (4), Prunus (2), Cfumuenerium, Epilobium, 
Eryngium, Bupleurum, Pimpinella, Prangos, Rubia, Aspemla. 
CMium, Pterocephedus. 

A new genus of Orchidacese from New Zealand is described 
by R. S. Rogers (Journ. BoU, March), in which the labellum is 
similar in form to the other perianth segments, though slightly 
shorter. In this respect the new genus {Petalochilus) resembles 
the Australian Thelymitra among the Monandrae or Apostasia 
among the Diandrse, The affinities, however, are considered 
to be with Caladenia and Glossodia. 

In the June number of the same journal R. Good describes 
six new species of Utricularia from tropical Africa and one 
Sjpecies of Genlisea.; also M. J. Godfery and T. and T. A. 
Stephenson give a key to the British Dactylorchids. 

An additional species of Amorphophallus is described by 
Stapf in the Bot. Mag., March. 

^e Grapefruit has been separated oflf as a distinct variety 
bjr Merrill and Lee {Amer. Journ. Bot., June) under the name 
Citrus maxima var. uvacarpa, the East Indian Pummello or 
Shaddock being retained as the type. 

Economic. — ^An important contribution to the economic 
botany of pastures has just appeared from the Welsh Plant- 
b^^ding Station (Rep. Series H, No. 3). Stapledon, dealing 
ydth grasslands, confirms the fact that a greater yield of hay 
b obtained from grassland treated as meadow than when 
treated as pasture, the yield of the former being from 20 to 
40 per cent, greater than that of the latter. The gross yield 
of leaf-blades as compared with stem and leaf-sheath is larger 
when the cuts are 'few in number. Moreover, in proportion as 
the frequency of cutting is increased the growth attained by 
the root-system at the end of the season is diminished, and 
this has a detrimental effect upon the yield of the subsequent 
season. The highest yielding grasses tested were Cocksfoot, 
Tall Oat-grass, Tall and Meadow Fescue, Timothy, Rye Grass, 
Meadow Foxtail, whilst Red Fescue and Crested Dogs-tail 
were low in productivity. 

In a paper by Fagan and Trefor Jones in the same Report 
the chemical composition of some fifteen herbage grasses is 
dealt with. Of these, the Golden Oat-grass and the Meadow 
Foxtail are indicated as of the best value on all grounds. The 
effect of season on composition is clearly shown by the data 
^ven, the true protein content being higher in 1923 than in 
192a for all but one of the fourteen spbeies studied. 

«4 
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aOO&OQV. By Rboinalo Jambs Luosobd, Fb.D., B,8e., (Ailinfsiljr 

College, London. 

ic Protozoa . — ^The intestinal protozoa of termites, 
the physiological relationship existing between them and thor 
host, have been the subject of an investigation by L. R. Oeve* 
land {Biol. Bulletin, vol. xlvi, nos. 5 and 6). It was found that 
the termites, if incubated at 36° C. for twenty-four hours, became 
defaunated, without apparently being injured. When they 
were then fed on their normal diet of wood, they were unable to 
digest it and died within ten to twenty days, although controls 
fed with digested wood lived indefinitely. On investigating the 
ability of the bacteria, fungi, and protozoa harboured by termites 
to digest wood or pure cellulose, it was found that neither the 
bacteria nor the fungi could do so, but some of the protozoa 
were able to perform this function. Cleveland, therefore, is 
able to substantiate the views of other workers who have re- 
garded these protozoa as digesting the food of the termites, 
^e relationship existing between these two groups of oiganisms 
is one of symbiosis, the protozoa receiving food and lodging 
from the termites, which receive in repayment the products 
of the digestion of wood. 

Mitochondria . — ^Since the Altmann granules first attracted 
the attention of biologists, numerous have been the theories 
advanced to explain their nature and significance in 'rital 
processes. While they are now generally regarded as a con- 
stituent part of the colloidal mechanism of the cell, there is 
a school of thought which considers that these minute inter- 
cellular rods and granules are really of a bacterial nature. 

During recent years, I. E. WalUn has been a vigorous sup- 
porter of this latter view, and in his latest paper describes culture 
experiments which he considers confnm the independent 
nature of mitochondria. He has arrived at the conclusion 
tl^t " mitochondria are, in reality, bacterial organisms, sym- 
biotically combined with the tissues of higher organisms ** 
{Am. Jour, Anat., vol. xxx, no. i ). 

Alterations in the mitochondrial content of cells, under 
different physiological conditions, are of conunon occurrence. 
Some interesting new observations have been described recently. 
W. Cramer has found that the normal liver-cells of the mouse, 
when fixed by Schridde’s method and stained with iron hsema- 
toxylin, contain densely stained mitochondria. After thyroid 
feeding, the mit^hondria appear similar, and fine globules of 
fat are also visible ; but after insulin the cytoptesm is con- 
siderably altered j and shows regressive changes ; mitochondria 
are no longer visible and the ground cytoplasm has a colloidal 
appearance. Cramer considers that the glycogen of the fiver 
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i» laibi a reserve of excess carl^hydrate, but an inteiiial secre> 
** of the liver-cells. Their glycogenic function is inhibited 
by insulin, but stimulated by the thyroid and adrenal hormon^ 
{Br*Jour. Expt. Path., vol. v, 1934). 

Qianges in the cells of the pancreas, during inanition and 
reieeding, have been investigated by W. C. Ma. He found that 
prolonged inanition led to the mitochondria being reduced in 
nuirbers, and changed from rods and filaments to irregular 
mranules. The mitochondrial content of the cells was never 
^t entirely, although the reduction was extreme. Certain of 
the mitochondria were also found to form fat. These changes 
were reversible, and after two to six days' refeeding, the cells 
returned to their normal form. No evidence was found of the 
formation of new mitochondria independently of pre-existing 
ones (Anat. Rec., vol. xxvii, no. 2, 1924). 

Cytology of the Germ Cells. — J. Bront6 Gatenby and J. P. 
Hill have studied the ovum of Ornithorhynchus. As far as 
they have been able to observe from the material available, 
it appears that the two polar bodies in Ornithorhynchus 
am unequal in size, the first being the larger and undergoing 
division before the second is completely separated off. The 
ovum is polys permatic, a condition of considerable interest in 
view of the general occurrence of polyspermy in the meroblastic 
eggs of Reptiles and Birds (Q.J.M.S., vol. xlviii, part 2, 1924). 

Further evidence of the transformation of peritoneal epi- 
thelial cells into germ cells in a fowl (Gallus bankiva) is supplied 
by J, Bronte Gatenby. The bird studied possessed such male 
characters as the comb and wattles, but its left gonad was of 
the ovarian type and contained an adenomatous growth. 
Within this ovary the peritoneal epithelium had begun to 
elaborate testicular tissue. The transition of the peritoneal 
cells into germ cells was found to take place in a manner similar 
to what has already been described by the same writer in 
Amphibia (Q.J.M.S., vol. xlviii, no. il. 

General Histolop> : Epidermal Fibrils. — comparative study 
of the epithelial fibres of the skin of mammals, carried out by 
3> Stopiro, has led to some interesting new conceptions of the 
^tribution and function of these microscopic structures* 
^lapiro distinguishes two types of fibres in the epidermis — 
intracellular and intercellular ones. The former, he considers, 
are elaborated by the cytoplasm of the cells, and subserve the 
function of a supporting structure. They are distributed in 
Mrict accordance with the laws of mechanics, and their disposi^ 
tion in the cell is, therefore, in the direction of the resultant 
of aQ the medianical forces actii^ on that cell. The inter- 
cellular fibres are regarded as ramifications of the undifferentir 
ated cytoplasm of the epidermal cells, tiding them together. 
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Their distribution bears no relation to the mechanical forces 
acting on the cell, and their function is probably a nutritive 
one, serving the purpose of nutritive channels between the basal 
and superficial cells of the epidermis, in the absence of blood- 
vessels in this tissue {Q.J,M.S., vol. xlviii, *110. x). 

Pigment . — ^There has been considerable discussion as to the 
c}rtological origin of pi^ents, as different workers have dis- 
agreed as to whether it is derived from nuclear, or cytoplasmic 
constituents. According to H. S. Paris, who has investigated 
the pigment in embryos of Amblystoma, the pigment that is 
characteristic of amphibian embryos arises in the cytoplasm 
from colourless granules. These are considered to be chro- 
mogen and represent a pigment complex, made of substances 
that arise in excess from the digestion of yolk, intermediate 
products of anabolic phases of metabolism and products of 
catabolism. This pigment is regarded as a waste pigment, 
comparable to the bile pigments {Anai. Rec., vol. xxvii, no. a, 
1924). 

That melanin is derived partly from nuclear, as well as cyto- 
plasmic constituents, is maintained by R, J. Ludford, who has 
studied melanosis in a melanotic sarcoma of the horse. Pigment 
formation in this case seems to be a general process involving 
the cell proteins, often commencing inside the nucleus, and 
terminating in the almost complete transformation of the cell 
into melanin {Joum. R.M.S., 1924). 

Tissue Culture . — considerable advance in the technique 
of tissue culture has been made by T. Lumsden. Until now 
it has been considered impossible to cultivate tissues continu- 
ously in serum, but Lumsden has shown that by paying due 
regard to the pH of the serum, .vigorous growths may be 
obtained. It is essential that the serum should be sterile, and 
its pH must not exceed 7*7. Heterologous serum appears to 
be as effective as homologous, good cultures of young rat 
kidney being obtained with rabbit serum {Lancet, vol. ccvii, 
no. 5363). 

The opportunity offered by tissue cultures for studying 
the activities of living cells has led to valuable observations 
being made within recent years, which have added consider^ 
ably to our knowledge of cytological processes. The study of 
cell move:^nts and nuclear division can be followed, stage 
by stage, in a manner impossible with fixed and stained celht. 
Special interrat attaches, therefore, to recent observations of 
H. B. Goodrich on cell movements, and T. S. P. Strangeways 
on the formation of binucleate cells. 

Goodrich studied free wandering cells in cultures of tissues 
of the minnow, Fundulus heterocliius and F. majalis, grow^ 
in a sea-water culture medium. He paid special attention 
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to the fan-shaped films of protoplasm which terminate the 
extiietnities of these cells, and are probably of a similar 
nature to the films of protoplasm at the ti^ of the 
pseudopodia of amoeboid wandering cells, described in cultures 
of rat tissues by the present writer. By applying the jx)int 
of a microdissection needle to cells growing in vitro, (^od- 
rich found that the fan-like films of cytoplasm were ad- 
herent to the cover-slip, but the needle could be inserted 
between the remainder of the cell and the cover-slip without 
causing injury to the cell. He regards these adherent portions 
of the cytoplasm as the motor organs of the cells, by means of 
which they glide along the surface of the glass. The rate of 
movement of certain of the cells was measured and found to 
be, on the average, about 6*3 microns per minute (Biol. Bull., 
vol. xlvi, no. 5). 

T. S. P. Strangeways’s observations on the formation of bi- 
nuclear cells were made on sub-cultures of the adult articular 
cartilage and embryonic choroid of the fowl, which had been 
growing in old plasma, previously stored in ice for over fourteen 
days. He found three processes led to the formation of cells with 
two nuclei. In the first type, the cell passed through all phases of 
mitosis, and at the late telophase, instead of separating into two 
daughter cells, the two portions united to form one cell with two 
nuclei. The second type was similar, only in this case both 
nuclei appeared in one portion of the cytoplasm, and a part 
of the cytoplasm was actually separated from the main portion 
of the cell. In the third type, two daughter cells were formed, 
but several nuclei appeared in each of them . This , Strangeways 
believes, is due to some abnormality in the separation of the 
nucleoplasm from the c5rtoplasm. 

The Action of Radium Radiations and X-Rays on Living 
Organisms. — ^The use of Radium and X-rays in medical practice 
fe, as is well known, due to the fact that cells show, at different 
periods of their existence, marked variations in susceptibility 
to irradiation. C. Packard has recently carried out experiments 
with Paramcedum, which show that its susceptibility to radium 
radiations (chiefly the slowest beta rays) varies with the temper- 
ature, at the same rate as do physiological reactions of vanous 
kinds. The susc^tibility also varies directly with the degree 
of permeability of the surface layer of the cell. The slow beta 
rays act on the surface layer of the cell, increasing its permea- 
bility, and if allowed to act long enough cause a typical cyto- 
lysis. Celb which have a relatively high permeability are more 
susceptible than those having a low permeability, for the cyto- 
lytic action of the rays is quickly followed, in the former, 
by a t^olysis which is irreversibk, while in the latter it is 
reversible (Bid. Bull., vol. xlvi, no. 4, 1934). 
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H. J. Bagg and C. C. Little have investigated the hereditary 
structural defects in the descendants of mice exposed to X-rays, 
'ney found abnormal-eyed animals in the third and subse^pient 
generations of the descendants of a group of mice, which had 
been subjected to the influence of unfiltered X-rays on five 
consecutive days. From animals treated in this manner, tWo 
matings, each of a different male and female, produced very 
similar tsrpes of abnormality, both morphologically and genetic- 
ally. The eye abnormality^ which eAibited a wide range of 
variation, was associated with marked optic atrophy and a 
deformity of the skull on the same side of the head as the 
defective eye. In many animals there was also found, along 
with the abnormal eye, a condition of club-foot (^m. Jout. 
Anat., vol. xxxiii, no. i, 1924). 

“ Eniwicklungsmechanik .” — ^The effects of thyroid grafts on 
the development of the chick have been investigated by B. H. 
Willier. The thyroid glands of chickens, varying from two 
months to two years old, were removed and fragments were 
transplanted to the vascular chorio-allantoic membrane of the 
developing chick. The general results were, in the case of 
the best grafts, reduction in size and emaciation of the body, 
which are to be regarded as symptoms of hyperthyroidism. 
These'effects are similar to those produced in ampmbian tadpoles 
by feeding with or engrafting thyroid, and are interpreted to 
mean that metabolism has b^n increased : more particularly 
has there been an increase of catabolism over anabolism (Am. 
Jour, of Anat,, vol. xxxiii, no. 1, 1924). 

C. Shearer has determined the oxygen consumption of the 
head, trunk, and tail portions of various stages of the chick 
embiyo, and also of head and tail portions of almost fully grown 
earthworms, which had previously been deprived of food for 
three weeks. In both cases he finds that there is a gradient 
of oxygen consumption, highest in the head and lowest in the 
tail region, while for a given quantity of chick-embryo tissue 
the osQrgen consumption rapidly diminishes as development 
IHoceeds — ^results which afford strong support to Child’s theory 
of metabolic gradients. 

In a further series of experiments, acetone powders were made 
of head and tail portions of six- to seven-day chick embryos; 
and of e^hworms. These powders, on being made into a tl^ 
paste with distilled water, were found to take up a measurablb 
quantity of oxygen. The interesting result came, out here, 
that the powder made from the head region took up more 
oxygen than an equal quantity of powder made from the tail 
reinon. Shearer therefore points out, that whatever the meta- 
bolic gradient signifies, it is, at least in part, due to the formation 
of some definite substancejin greater quantity in the head reg^n 
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ClHm in the tail region. The greater organisation of the head 
ieg^ is not alone responsible for its oxygen consumption 
(fVoc. vol. xcvi, no. B673). 

The transplantation of the region of highest metabolic 
activity of amphibian embryos — the upper lip of the blastopore 
—■from one embryo to another has been carried out by H. 
I^pemann and H. Mangold. They found that such a graft 
eXerdsed a differentiating function on its new surroundings, 
and resulted in the formation of a secondary embryonic anlage, 
which attained various stages of development. The degree of 
development of this secondarily induced embryo, which was 
composed partly of cell of the implant and partly of those of 
the primary embryo, depended upon the relative disposition 
of the two embryos. In cases where the primary embryo was 
encroached upon by the secondary one, the normal order of 
development of the latter was retarded (Archiv fUr mikr. A not., 
Bd. C, 1924). 


JUiVUKOIAOT. By J. Davidson. D.Sc., Rothamstcd Experimental 
Station, Harpenden. 

General Entomology. — ^An interesting series of papers {Joum. 
Econ, Entom., 17 , 177-214) deals with certain aspects of statis- 
tical methods for estimating the population of and damage 
caused by various important economic insects j and the 
Report Sth Eniomologiccd Meeting, Pusa, 1923 (422 pp.), contains 
several papers of interest on various aspects of entomology. 
C. T. Brues (Amer. Nat., 08 , 127-44) has an article on the 
specificity of food plants in the evolution of phytophagous 
insects. P. A, Buxton (Bull. Entom. Res., 14 , 289-345) gives 
a general account of the entomology of Palestine. Malaria is 
an important insect-borne disease in that country, and the 
survey has in view primarily the establishing of the species 
of Anopheles which are important in this respect. Katherine S. 
Buys (Jl. Morphology, ^ 485-510) deals with the general 
structure and history of the adipose tissue in insects . Immature 
foxna of representatives of the chief orders of insects were 
studied. From the histological structure, the tissue may be 
divitkd into two main groups ; (a) those insects in which the 
fat-body celb completely lose their cell boundaries early in 
develoj^ent, the tissue appearing in the form of a S3rnc}rtium, 
aa in Ephemera, Tricho^era, etc. ; and (b) those insects hi 
which thf cell boundaries are maintained, at least in part, until 
the insect is almost mature or ready to pupate, as in Orthop- 
beta, etc. G. C. Crompton (Jl. Entom. atm Zoology, Pomona^ 
^3*~47) discusses the phylogeny and classification of inserts 
as mdipated by palseontolopcal evidence and comparative 
tiso^hology ; a table is given in which the orders of the class 
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Insecta are grouped into divisions accorcKng to their natiital 
affinities ; the class is divided into two sub-classes, Pterygota 
and Aptcrygota, the former being divided into two supersections, 
seven sections, and thirty orders, the latter into two super- 
sections, four sections, and five orders. 

Another paper bearing on phylogeny is by A. D. MacGillivray 
(Proc. Entom. Soc., Washington, S6, 133-41), who criticises 
Crampton’s views on the labium of certain Holometabola. 
Ilie author maintains that homology cannot be determined 
by means of analogy of form, as Crampton has attempted to do 
with the labium. A correct homology on which phylogeny is 
based can only be constructed by a study of the generalised 
members of each order and by the determination of the sequence 
of the modification of these structures, by following through 
from the primitive generalised ancestor to the highly specialised 
condition. 

A second edition of the textbook on Medical and Veterinary 
Entomology (Macmillan & Co., 1923, 462 pp.) by W. B. Hermes 
has appeared, having been brought up to date and a chapter 
on the history of the subject added. E. Martini has brought 
out a book on the same subject {Lehrbuch der Medizinischen 
Entomologie, G. Fischer, Jena, 464 pp., 244 figs.). It deals 
with a general account of the organisation and classification 
of arthropods (pp. 8-71), arthropods as poisonous animals 
(72-94), as parasites (95-269), and as vectors of disease (270- 
403), together with a final section on control measures (404- 
429). C. Houlbert (Encyclop 4 die Scientifique, serie Thysan- 
omres, Dermaptferes, et Orthoptferes de France, vol. i) deab 
with the classification, general characters of the various groups, 
and characteristics of the species. 

D. Keilin (Proc. Cam. Philosopk. Soc. Biological Set, 
1» 63-70) has investigated the question of the appearance o 
ms in the tracheae of insects. Aquatic apneustic insects 
(devoid of functional spiracles) after each moult are found to 
have their tracheal system filled with fluid, which is, however, 
soon replaced by gas. It has been suggested that the gas is 
secretory in origin, but there is no evidence for this, and this 
theory does not explain the fate of the fluid which the gas 
replaces. The author is of the opinion that the tracheal fluid 
b absorbed by cells of various tissues from the intracellular 
capillary tracheoles ; the column of fluid is thus ruptured and 
the space left by the retiring fluid is immediately filled with 
gases from the surrounding medium (blood). Data regardii^ 
the visits of insects to flowers is given by C. Robertson {PsyckCf 
80 , 158-69 ; 81 , 93-111). Two more parts of the admiralde 
workof C. Shrbder {Haridhuch der Entomolgie, 8 , nos. 1 1 and la) 
have appeared ; they deal with a continuation of the genera] 
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a^^tematics of the various orders. W. M. Wheeler's Social 
Lif$ among the Insects (Constable & Co,, Ltd., 375 pp.) is a book 
of absorbing interest, the social habits in twenty-iour different 
groups of insects comprised in five different orders being 
dealt with. 

Orthoptera. — A. C. Hollande and F. Moreau (Archiv Zool. 
Exper., 81 , no. 3, 59-74) have investigated certain yeast-Uke 
cel^ found in the blood of Stenobothrus. When grown in 
cultures, these cells develop into a mould belonging to the genus 
Isaria, species of which are known to infest insects. In the 
insect's blood the fungus remains yeast-like and vegetative, and 
the cells resist the phagocytic action of the leucocytes and are 
very injurious to the insect ; they lessen the number of leu- 
cocytes, the fat-cells lose their reserves and accumulate albu- 
minoid crystalloids, certain muscles degenerate, and the insect 
eventually dies. Infection probably occurs by (a) ingestion 
of parts of plants contaminated with voided jreast ^elb ; 
(b) by the larvae eating spores of the external fructifying stage 
of the fungus ; (c) by the larva; being penetrated by mycelial 
threads proceeding from the spores. V. J. Plotnikow {Bull. 
Entom. Res., 14 , 241-3, translated by B. P. Uvarov) makes 
some observations on breeding experiments carried out with 
iMCusta migratoria Linn, and L. danica Linn. In previous 
ex^riments the author showed that the progeny of L. migra- 
toria were sometimes of the L. danica form, the latter being 
iwviously regarded as a distinct species ; and similarly L. 
danica may give rise to progeny resembling L. migratoria. 
Uvarov (1921) developed the theory that the periodicity of 
locusts is due to a kind of irregular alternation of a swarming 
phase {L. migratoria) and a solitary phase {L. danica). Experi- 
ments show that this transformation is due to very complicated 
fisetors acting on the larva;, connected in some way with the 
density (crowding) of larvas in a given space. These results 
are in agreement with those of P. Faure (Joum. Dept. Agric., 
S. Africa, 7 , 205-24), who showed with Locustana par£ilina 
that crowding of the larvae of the solitary phase resulted in a 
transformation into the swarming phase, whikt larvae of the 
swarming phase when bred singly transformed into solitary 
forms. 

Coleoptera. — H. Blunk {Zeitschr. wiss. Zool., 181 * 171-391) 
gives a detailed account of the larva and pupa and metamor- 
{^osis in Dytiscus marginedis L. ; the habits are fully dealt 
with and numerous experimental observations made. H. G. 
Good ijl. N. York Entom. Soc., 88, 79-84) gives an account 
of the life-history of Prionocyphon lindtatus Lee. : the larvae 
five ip still water near the shore of pools feeding on the broken- 
^wn epidermal cells of decomposing leaves ; the females 
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probably lay their eggs under the leaves in late s^ng and 
early summer ; the larvae hibernate in the second or third 
instar ; there are two moults in spring before pupation, and the 
pupal stage lasts from lo to 14 days. W. Schultze (PA» 7 ipptfM 
Jl. Science, 28 » 609-73 5 84 , 309-66) has an important mono- 
graph on the Pachjrrrhynchid group of the Curculionidae. 

Lepid^tera.—C. B. Antram's Butterflies of India (Thacher, 
Spink & Co., Calcutta, 226 pp.) is a useful book for identifying 
species ; short descriptions in non-technical language and black- 
and-white illustrations of each species are given ; the “ blues '* 
and “skippers ’’ are not included. Another manual by H. Eltrii^- 
ham. Butterfly Lore (Oxford University PresSj London, 180 pp.), 
is a very attractive popular book on butterflies by one who nas 
an extensive knowledge of the subject. Ishimori Naoto (^nn. 
Ent. Soc. Amer., 17 , 75-86) has an account of the distribution 
of the Malpighian vessels in the wall of the rectum of Lepidop- 
terous larvae ; these vessels are arranged in two rows, except 
in the Hepialidae, where the three vessek from each side join 
at their ends and rest freely in the body-cavity without passing 
into the wall of the rectum. D. E. Minnich {Jl. Exp. Zool. Pa., 
*8» 339-SS)» experimenting with Pieris rapes Linn., found that 
this butterfly responds to appropriate olfactory stimuli by 
extending its proboscis ; when one antenna was amputatea, 
the olfactory response was reduced about 6 per cent. ; when 
both antennae were removedj the reduction was al^ut 58 per 
cent., indicating that these organs do not constitute the otdy 
olfactory area. Some notes on melanism based on observa- 
tions made in the West Riding of Yorkshire are given by B. 
Morley {The Entomologist, 57 , 109-12). This industrial area 
is not favourable for Lepidoptera, and moorland and lowland 
species are liable to change ; the darkening process proceed^ 
in three ways : (a) a gradual darkening year by year, resulthtt 
in total melanism ; (£) a sudden appearance of black in^vidu^ 
among the type, without gradations or intermediate forms ; 
(c) a course, which affects most species, resulting in every tran- 
sitional form. The author^ expresses the opinion that the 
comparatively sudden and simultaneous appearance of melan- 
ism in so many places has been attended by the marked 
decadence of many species displaying no comparable change, 
and eventually it may appear that melanism is a process of 
^tmoration preceding ultimate extinction, and that during 
its incidence, other species not affected by it are at the same 
time slowly disappearing, both results being induced by the 
same factors. 

P. W. Whiting {Anat. Record, M 395) has a note on the 
expression of instinct in gynandromorphs of Habobmc^ 
Onegynandromorph having majie and femaw characters, possess- 
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ing minute ovaries and no t^tes, showed normalfemale instincts; 
another showed no sexual reactions ; and a third reacted as a 
nmle but gave antennal reactions of a female. 

Diptera. — ^The following papers are of interest to the system- 
atJst : C. P. Alexander (Ann Entom. Soc. Amer., 16 t 57-76 ; 
17 t SO-74) on species of Japanese crane-flies. C. H. Curran 
(Canad. EtUom., 60 > 133-44) on seven new species of Rhapkium. 
F. W. Edwards {Bull. Entom. Res. , 14 » 3 5 1 -40 1 ) on the mosquitoes 
of the Australian region ; previous papers by the same author 
dealt with the mosquitoes of the Palaearctic (1921) and Oriental 
(1933) regions. G. F. Ferris {Entom. News, 85 . 191-9) on 
the New World representatives of the bat-infesting family 
Nycteribiidae. E. W. Ferguson {Bull. Entom. Res., 14 . 251-63) 
on the Tabanid genus Pangonia. T. H. Johnston and G. H. 
Hardy {Proc. Linn. Soc. N.S. lFa/«s, 48 . 94-129I on the Austra- 
lian species of Sarcophaga. J. Villeneuve (Ann. Set. Nat. 
Zool. i&r., 10 . 7, 5-39) on the classification of the Tachinidis 
paUarctique. M. Bezzi has written an important monograph 
on the Bombyliidae of the Ethiopian region {Brit. Mus. Nat. 
Hist., 390 pp.). The work is based largely on material in the 
B.M. and is a valuable addition to our knowledge of the African 
Bombyliid fauna, the members of which are of interest owing 
to the beauty of the adult flies and the parasitic habits of the 
larval stages. F. Bodenheimer {Zeitschr. wiss. Zool., 181 . 
393“440 deals with the anatomy and biology of Tipula oler- 
aeea. N. Cunliffe {Ann. Appl. Biol., 11. 54-72) continues hb 
observations on the habits of Oscinella frit L. The annual 
cycle of this important agricultural pest consists of three genera- 
tions, the first extending from the end of May to middle of 
August, the second from the end of July to the beginning of 
l^ptember, and the third from the end of April to the middle 
of June. Meteorological conditions over the period under obser- 
vation (191S1-22), although diverse, were not sufficiently so to 
affect materially the prevalence of the fly on the crop, which 
may be due to the fact that the larva is an internal feeder. 
The fly population would appear to be determined by the total 
numb^ of host plants available, and not by cultivated plants 
alone. R. W. Glaser {Amer. Joum. Trop. Med., 4 . 85-107) 
shows that the larval stages of flies are dependent upon certain 
accessory growth-factors which are ingested with the food ; 
these are obtained by the larvse from bacteria or yeasts as weU 
as from higher plant and animal tissues, and micro-organisms 
pxesent in the medium in which some larval flies live may be 
important in this respect. L. Lloyd and W. B. Johnson (Butt. 
Bittm. Res., lA 265-88) give an account of the technique they 
have evolved for rapidly estimating the trypanosome infections 
of tsetM flies, which is of value in estimating the relative import- 
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ance of the various species as disease carriers. J. Rennie 
{Proc. Roy. Phys. Soc., Edinburgh, 80 t 265-7) ^*as a note on 
the occurrence of Polyhedral disease in Tipula paludosa ; 
the properties of the bodies formed in diseased larvse and the 
relation of Polyhedra to the nucleus of the fat-body cells are 
discussed. 

L. G. Saunders {Entom. Mo. Mag., 61 ^ i33“4) descril^ an 
unusual case of sexual dimorphism in ceratopogonine midges. 
Kieffer (1919) erected the genus Apelma with the male sex 
only, based on the absence of the empodium beneath the claws ; 
Sunders has now discovered the female of Kieffer’s type and 
finds the empodium is present in this sex but absent in the 
male. W. M. Wheeler (Proc. Nat. Acad. Set., U.S.A., Washington, 
lOi 237-44) describes two extraordinary larvse taken from ants’ 
nests in Panama ; they are provisionally named from larval 
characters, as the adults are unknown. The first larva, Microdon 
cBolidiformis sp. nov., is placed in a genus of which we have a 
British representative M. mutabilis ; the other, Nothomicrodon 
aztccarum gen. et sp. nov., does not fit any of the recognised 
families of Diptera, although it appears to btdong in the tyclor- 
rhapha aschiea of Brauer. H. N. Worthley (PsycAc, 81 , 57-77) 
continues his studies on Trichopoda pennipes F., a tachinid 
parasite of the squash-bug, part 2 dealing with the morphology 
of this insect. 

Hymenoptera. — E. Evrard has written a work entitled 
The Mystery of the Hive (Methuen & Co., Ltd., 369 pp.), 
which by its charming, simple style and philosophic atmosphere 
will appeal to a wide circle of readers. H. Mace has a httle 
volume entitled Adventures among Bees (Hutchinson & 

144 pp.), which is an account of tne author’s experiences. A 
detailed work of 456 pp., dealing with' the classification, habits, 
nests, life-histories, and interrelations of bees, entitled Die 
Europaischen Bienen, has been written by H. Friese. M. 
Hertig (Minnesota Sta. Tech. Bull., 18 > pp. 109-40) has an ex- 
tended discussion on the normal and pathological history of 
the ventriculus of the honey-bee, with special reference to 
infection with Nosema apis. 

C. T. Brues (Zoologica, 8, 427-32) describes an extraordinary 
hTinenopteron, T ermitohrachon emersoni, from a nest of Nasu^ 
sttermes in British Guiana ; no larvae were found. The 
only other termitophilous hymenopteron hitherto recorded is 
Ypsistrocerus Cushman. 

E. Bugnion (M.T. Schweis Entom. Ges., 18 , 285-^13) gives 
a well-illustrated account of the mouth parts of Scotia. E. 
Frilhauf (Zeitschr. tuissensch. Zool., 181 , 656-721) has studied 
in^ detail the morphology and function of the ovipositor in 
Biorhiea aptera Bose, and Rhodites rosa L. as typical of 
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o<ik«gaU wasps and Rhodites group respectively ; the relation 
of the reproductive organs to this structure is discussed. 
Observations on the Ichneumon ■ parasites of Pieris are given 
by C. Jegen (M.T. Schweiz Eniom. Ges., 18 , 278-9) ; 1,216 
puparia out of 1,360 collected were found to be parasitised ; 
the observation is made that males predominate from 60 to 80 
per cent, in collections of the adult butterflies, the suggestion 
being that Pteromalus preferably infects those caterpillars which 
are destined to develop into females. A. D. Peacock {Brit. 
J. Expt. Biol., 1, 391-412) deals with the males and an intersex- 
uke form of the parthenogenetic saw-fly Pristiphora pallipes 
Lep. 

Hemiptera. — ^The factors which affect the production of 
winged forms and sexual forms in the Aphididae have been 
investigated by several workers in recent years, and S. Mar- 
covitch {Jl. Agric. Res. ,917, 513-22) is of the opinion that the 
length of day is the important seasonal factor concerned. J. 
Davidson {Science, N.S., 69 , no. 1529, 364) has a note on the 
same question. L. B. Uichanco {Philippine Jl. Sci., 24 , 143-247) 
has an important paper on the embryogeny and postnatal de- 
velopment of the Aphididae with special reference to the history 
of the “ symbiotic organs " or mycetom. Space will not allow 
of a review of this important paper. There are several papers 
of interest to the systematist. E. E. Blanchard {Physis, Buenos 
Ayres, 6, 43-58 ; 7 , 24-45, 120-5) continues his studies on the 
Argentine sjpecies of Aphididae. G. Bondar {Sec. Agric. Indus. 
9 Obras Pub. Secc. Path. Veg., Bahia, 183 pp., 84 figs.) gives a 
descriptive catalogue of the Aleyrodidae of Brazil; nine genera are 
erected and fifty-five new species described. L. Gaumont {Ann. 
des Epiphyties, no. 5, 309-46) deals with the classification of the 
Aphididae of France. C. P. Gillette and M. A. Palmer {Ann. 
Entom. Soc. Arner., 17 , 1-59) describes several new aphids 
f^chnini). J. W. HaW {Ministry Agric. Egypt Techn. and Sci. 
Bull., 86 , 67 jpp.) continues his observations on the Coccidae of 
Egypt. F.V.T heobald {Entom, Mo. Mag., 80, 124-30) describes 
seven new species of Aphididae from Britain. 

Other Orders. — Papers of systematic interest include P. P. 
Calvert {Trans. Amer. Entom. Soc., 60 , 1-56) on species of 
PhUogmia Selys. (Odonata) ; P. W. Claassen {Canad. Entom., 
M, 43-8, 54-7) on species of the North American Capniidae 
(Plecoptera) ; J. Medunnough (Canad. Entom., W, 98, 113, 128) 
on new Canadian Ephemeridae ; J. R. Watson {Florida Agric, 
Expt. Sia. Gainesville, Bull., 188 , 100 pp.) on the Thysanoptera 
of North America. 

K. Baldus {Zeitschr. wiss. Zool., 181 , 557-620) has made an 
extensive study of the brain in the larva and imago of /Eschna, 
Anax, and Libellula, together with experiments on the corre- 



318 SCIENCE PROGRESS 

lation of habits and structure in the larval and adult forms. 
There is no marked difference in structure which can be corre- 
lated with the habits, and further investigation of the Neuropifei 
which must be considered as the seat of the complicated func- 
tions of the brain, is necessary. There is an important paper 
on the bionomics of Cimex Uctularius L. by F. W. Cragg {Inaum 
Joum. Mtd. Res., 11, ^9-73). 

Three papers of interest to students of Collembola and 
Thysanura are J. R. Denis (Archiv. Zool. Exper. ei gMrcUe, tt, 
253-98)1 “ La Faune Fran9aise des Apterygotes " ; C. Mttc- 
namara (Canad. Entom., 56, 99-105)00 the food of Collembola, 
and J. W. Folsom {Zoologica, 8, 383-402) on termitophilous 
Apterygota. 

It is generally thought that reproduction in Ephemerids 
occurs after transformation to the imago, but M. A. Gros 
{Ann. Sci. Nai. Zool., 6, 411-13) observed the insemination of 
a sub-imago female of OligoneurieUa rhinana Imhof and subse- 
quent oviposition and development ; the aerial life of the adult 
is less than a hour ; of 200 eg^s extracted from a sub-imaTO of 
TorUya helgica, xoo developed normally. G. Hoke (//. mof- 
p^logy, 88, 347-73), dealing with the head and mouth parts of 
Plecoptera, shows that a study of these structures indicates 
a greater degree of specialisation than do Orthopterans, the 
latter group being hitherto usually regarded as more specialised. 
J. Krafka {Joum. N.Y. Entom. Soc., 81, 31-52) discusses the 
morphology of the head of trichopterous larvae as a basis for 
the revision of the family relationships and in a further paper 
{Ann. Entom. Soc. Amer., 17, 97-105) deals with the mor- 
phology of the prolegs. J. Oscar {Entom. Miitheilungen, 1923, 
33^-32) records a case of facultative yivii^rity in Megathrips 
laHventris', Thysanoptera are normally oviparous, but in this 
species some eggs undergo development within the mother and 
hatch out as they are liberated. 
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THE RELATION OF MATHEMATICAL 
CONTINUITY TO THE QUANTUM THEORY 

By martin C. JOHNSON, B.A., A.IiistP., F.R.A.S. 

Th0 Univ$fsiiy, Birmingham 

t. Restrictions due to Method in Physics 


There are certain kinds of scientific problems in which it is 
by no means a waste of time to consider how the implications 
of the concepts used vary according to the very different 
methods by which any one line of research is being pursued. 
Such analysis becomes important in phjrsics, owing to the 
parallel development in that science of mathematical and 
eiqierimental methods ; pure mathematics, e.g. of Fourier 
series or Riemann geometry such as is used in recent phjrsical 
theory, and experimental work, e.g. of electromagnetic obser- 
vation and the calculations immediately connected therewith, 
represent such entirely different types of reasoning, subject 
to such entirely different limitations, that, unless logical analysis 
keeps pace with the growth of phj^ics, confusion is likely to 
arise ; i.e. mathematical concepts will be expected to obey 
the restrictions of experimental measurements, and vice versa. 

The particular case of this to be considered in the present 
paper is the concept of functional and serial continuity. Now 
the criticism of continuity follows from problems leading to 
the use of quanta in dynamics : these have arisen from a 
|roup of anomalies in the theories of Black Radiation, Low 
Temperature Sj^cific Heats, complex series spectra of simple 
atoms, etc., which have been provisionally solved by a group 
of hypotheses all involving a transfer of energy by discrete 
quanta ; and in one case at least (Bohr’s Correspondence 
mndple) a reason for the coexistence of classical and quantum 
solutions has been given in terms of the differences between 
statistical and individual calculation. A generalised delimi- 
tation of what kind of continuity of Action or of Eneigy 
T^ransfer, or of Motion itself, can be legitimate in physi^ 

ai9 
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hypothesis, is, however, not to be expected until further mathe* 
matical and experimental advances have been made. Many 
physicists will feel that the logical analysis of concepts <n 
continuity is useless and wasteful until these advances have 
been made : it is here suggested, however, that although a 
physical problem differs from a mathematical, in that a priori 
anal}^is can never solve it, there is nevertheless some use for 
a logical investigation as to what restrictions are placed upon 
the use of concepts such as Continuity or Continuous Motion 
by the character of the scientific methods of those who make 
the actual advances of ph 3 rsics. In the hope of contributing 
to this analysis, which should reveal more exactly what is 
implied in the main cleavage of recent physics, that separating 
the quantum theory from the older dynamics, some of the 
different continuity requirements of physical methods, experi- 
mental and mathematical, are here to be distinguished. 

Current treatments of the problem of continuity in physics 
will be examined, and the suggestion put forward that their 
inadequacy for understanding the quantum problem is due to 
their n^lect of genetic aspects of the concept. For the concept 
of continuity betrajrs itself to a considerable extent by its 
origin and growth. A genetic account would probably show 
the idea of continuity to arise originally as describing facts 
of perceptual experience : to pass from this by the refining 
of perception into the measurements of experimental science ; 
and finally through the use of calculations regarding experi- 
mental results to be transferred to mathematics along with 
the transference of measurable magnitudes to act as variables 
in fimctional equations. Once away from the coarseness of 
macroscopic perception and measurement, the concept of 
continuity enters upon an entirely different phase and becomes 
an important link in the chain of reasoning now stretching 
from the principles of pure logic through the logic of mathe- 
matics, and forming an unbroken rational basis of any such 
process as a differential equation. Now it is the uncritical 
transfer back again thence to physics which breate the logical 
homogeneity which mathematical continuity had achieved, 
and which is a source of ambiguity when we suggest that a 
dynamical differential equation is tied to an assumption of 
continuity which the implications of quantum restrictions 
contradict. This ambiguity will lead to error, and will not 
be dispelled so long as we fail to remember that an entirely 
different meaning has been given to the concept since it was 
taken from the science of measurement. 

The standpoint here defended, in riew of there beii^ such 
a double development of meanii^, is that of analysing separately 
the experimental use and theory and the mathematical imp& 
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Cfttiont of continuity ; on the basis that to separate the meanings 
beforis r^mbining them is' the Only clue to the meaning of 
Hie coi^ct raised by the coexistence of continuous and quantum 
idett in dynamics, each valid in certain restricted rc^ons. 
Ultimate recombination of experimental and mathematical 
implications is necessary afterwards for practical purposes, 
since, unfortunately for the simplicity of any theory of scientific 
knowledge, there are not two sciences actually distinct as 
htethematical Physics and Experimental Physics are logically 
distinct ; but the above genetic summary of the development 
of the idea of continuity in physical science indicates that the 
several meanings of continuity must be rigorously separated 
before uncritically assuming one to be a mere coarser or more 
refined version of the other, or the microscopic in physics to 
be a mere reduced replica of the macroscopic. 


2. Continuity in Experiment and Experimental Theory 

The present method of anal3rsis may best be developed 
from a critical discussion of certain recent treatments of the 
logical processes of physics. The most thorough attempt to 
construct an account of continuity in physics is that of 

Campbell (Physics : The Elements, pp. 539^-49). The rela- 
tion ^ of mathematical continuity in dynamics to quantum 
requirements is, however, left as obscure as ever by the 
fact that he discusses physics as an experimental science and 
yet has to adapt purely mathematical treatments of functional 
continuity to a group of concepts which can have no mathe- 
matical meaning. The definition from which the treatment 
starts is that of Cauchy, of which a typical expression may 
be taken from Hobson (Functions of a Real Variable, p. 266). 
** Hie function f(x)^ is said to be continuous at the point a of 
the^ domain of x, -if corresponding to any arbitrarily chosen 
positive _ number « whatever, a positive number S depending 
cm easts, such that lf(a-\-ri) — f(a)l< e for all positive or 
negative values of 1; which are numerically less than S, and 
which are such that <i + 1; is in the domain of x” Dr. Camp- 
bdl points out that to bring this into a solely experimental 
•dence requires arbitrary restrictions depending on the coarse- 
ness and necessary imperfection of e^erimental measurement. 
In spite, however, of the incompatibility with mathematical 
rigour of his restriction which says “ statements that 
and X •• Xf when x^ x, are within the range only assert the 
same experimental fact,” he retains the Cauchy definition as 
hii foundation for functional continuity by means of a dis- 
tinction between ” magnitude ” and ” real magnitude.” The 
finimer Is on experimental term, but the latter is not, and yet 

*5 
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in Dr. Campbell's treatment the latter forms the Mnk 
with a defimtion in experimental terms which he adapts from 
Poincar^ as follows : “A magnitude is essentially (i.«. inde- 
pendently of functional use) continuous within a range % to 
AT, if, and only if, a series of systems having the magnitude 
can be found including xi and x, such that each is involved 
in a set of propositions of the form at. -> x„ Xi -• Xi, tr. # x„ 
i,e. if a magnitude is continuous we must be able to paM from 
Xi to ata, through a series of S3^tems each of which is equal to 
its immediate predecessor and immediate successor.” 

Now to build a logic of physics in which two steps of the 
same argument are the Cauchy continuity and the Poincare 
continuity, passing from magnitude to function by means of 
both, of which the first only has meaning in mathematical 
rigour while the last has no meaning for mathematics at all, 
may serve to clear up Dr. Campbell’s immediate problem ; 
but if invoked to illuminate the issue in the relation of the 
quantum theory to classical dynamics, it could only serve to 
reveal how difficult the problem is, and to throw us back once 
more on the necessity of separating mathematical and experi- 
mental uses and limitations of the concept before attempting 
to recombine them for dynamics. 

Before, however, setting down the limitations that the 
complete separation of experimental continuity would require, 
it may be pointed out that a way to the homogeneity wfait^ 
Dr. Campbell loses might be open along the lines suggested 
in a paper by Dr. Wrinch and Dr. Jeffreys (PhilosophiaU 
Magazine, 1923, vol. xlv, p. 373) ; here by means of a Probability 
b^is the theory of measurement might be enabled to dkHd 
with unique values and thus become amenable to mathe- 
matical conditions. For Wrinch and Jeffreys add to a dkk 
tinction of ” measured value ” from ” true value ” (possibly 
corresponding to Campbell’s ” Magnitude ” and ” Real Ma^- 
tude ’’^) the concept of ” adopted value.” They show that 
*' true value ” of any physical quantity is not determinate 
uniquely from the knowledge at the disposal of the physicist, 
but that the ” adopted value ” obtained by «.g. Least Square 
treatment of measurements may constitute a mathematically 
enique quantity which is derived from experiment but not 
solely from experiment. This concept is thus freed from the 
incompatibility with mathematics in which Campbell’s ” real 
magnitude” is necessarily involved. It is important, in 
forming a general attitude to physics, to note that the neater 
logical homogeneity attainable by the Wrinch and Jeffif^ 
analysis than by the Campbell analysis is actually due to 
the fact that the former do not limit the science as the latter 
does to being solely experimental ; it will save time and cnrar 
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to aikoit from the beginning of nny theory of scientific know* 
that neither experiment hbr mathematics alone can 
buildi physics, and that Ic^cal isolation of each, however 
neoessi^ for the purpose of clearing the issue of a problem, 
can only prepare for a satisfactory treatment, and not make it. 
The recombining into the mixture of mathematics, measure* 
ment, and theory, which we call physics, must not be attempted 
until the separation of the different meanings has been com* 
ideted : so far the discussion of the current theories has done 
little beyond revealing some of the difficulty of doing so. 

Continuity in experimental science can only be separated 
from its later mathematical additions if it is regarded as a 
relative concept. In perception this relativity expresses the 
fact that, corresponding to any particular observational method 
{e.g. resolving power of a particular instrument), there must, 
in respect to any judgment of perception, be a considerable 
range of values of all the magnitudes concerned, such that 
no wange occurs in the judgment until the values have passed 
outside that range. In terms of sensation and stimulus the 

I >henomenon is expressed in Weber’s law, discussed by physio* 
ogists and psychologjists. The difficulty of adapting a mathe- 
matical definition to describe this fact is that it appears 
impossible to make a rigorous statement concerning the range 
of the values ; in order to do so a finer observational method 
would have to be applied and the relative nature of the con- 
tinuity concept would at once adjust itself to this finer method : 
this difficulty vitiates the use of the Poincard continuity 
quoted above for purposes such as that of Dr. Campbell or 
may purpose requiring a connection with mathematical con- 
tinuity. 

For purely experimental science, therefore, all continuity 
must be defined in terms relative to a particular experimental 
method : e.g. continuity of motion in problems of Impact 
depends on the refinement of measurement — ^in a similar way 
ingenuity of observational method can record the discrete 
d^actor of an apparently continuous stream of corpuscular 
rays. Physics, however, is not a solely experimental science ; 
tM examination of Dr. Campbell’s attempt here has already 
indicated that the theories of pnysics cannot always be expressed 
in tmtns of experiment. The most important aspect, therefore, 
of the problem of this pap^ reduces to the question : How 
far can such physical tmories as cannot be expressed solely 
in terms of measurement nevertheless make use of the Poincare 
continuity by merely omitting the relativity we have suggested 
must always characterise its employment in experiment ? It 
it predsely the problem of how far interpolation and extra* 
ixmtlion beyond the reach of actual nmasurement is legitimate ; 
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in the expression used above, How far the microso^c in 
physics can be assumed to be merely a reduced replica at what 
we measure macroscopically. 

Now the interpretation of the differential equations of 
classical dynamics, until recently ^neral, assumed that 
such extrapolation was always legitimate, and the logical 
significance of the quantum theory is really a setting of a 
limit to this extrapolation. “ It is an absolutely fundamental 
assumption of classical mechanics that the possible states of 
any system form a continuous series ” (Campbell, Modem 
Electrical Theory, supplementary chapter xv, p. 19), the 
apparent contradiction of which by a quantum hypothesis 
makes Campbell and other physicists demand, “ If we are 
going to reject classical mechanics at all — and it is impossible 
to-day to adhere to it in dealing with any of the phenomena 
of radiation — we had better do so completely ” {loc. cit.). 
This provides the contrary assumption that continuity cannot 
Intimately be extrapolated beyond the macroscopic, and 
that to do so is the final condemnation of dynamics ; the two 
sides of the quantum controversy being here seen at their 
extreme difference. 

Exactly for what kind of theory does the legitimacy of 
continuity assumptions thus cease when we can no longer 
verify it by measurement — and it must be remembered that 
both continuity and discontinuity of the order discussed is 
far beyond all direct measurement — ^is thus the problem to 
which the treatment of experimental method leads. The 
a priori restriction on what solutions of this problem are 
possible must be postponed until a digression on the purely 
mathematical aspects of a continuity concept is briefly dis- 
cussed, in order to see what new meaning may be involved 
when a measurement quantity is used as a variable to be 
differentiated and integrated. When that is done the mathe- 
matical separation can be added to the above experimental 
separation of the concept, and the general investigation of the 
use of continuity in physical science made possible. 

3. Continuity in Mathematics 

Mathematical physics begins at the point where magnitudes 
measured in experiment are inserted as variables in the func- 
tional relations of pure analysis, in particular in the differential 
equations of motion which sum up so much of ph'^ical theory. 
In the early days of such work an extension of the concept of 
continuity was at once required by the infinitesimals ” of the 
pioneers in the Calculus ; the relative nature of the concept 
as above derived in experiment was then dropped out of 
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xnathenUitics. By the use of differential equations it was 
dropfsed from phjrsics too, until Planck’s h}rpothesis of quanta 
first showed what a conflict is forced on phjrsics by ignoring 
its logical history. Since the time of Weierstrass, however, 
pure analysis has avoided the logical inconsistency of infini- 
tesimals and Cauchy’s theory of continuity for functions haa 
provided the basis for differential processes. But the abandon- 
ment of infinitesimals, while it allows pure mathematics to be 
traced from purely logical foundations by the work of e,g. 
Whitehead and Russell, gives no less anomalous a position to 
the continuity of mathematics when the measurable quantities 
of physics constitute the variables, than did the older calculus 
with its infinitesimals. For though functional and serial 
continuity are seldom compared in a single discussion, any 
“ limit ” theory of continuity for functions only receives its 
rational place in the development of mathematical concepts 
from first principles when related to the Cantor theory of 
ordinal continuity, which is made possible by the modem 
theory of transfinite numbers. Definitions of the type, " A 
series is continuous when it contains a median class having 
‘ Alq;>ho ’ terms,” are involved in serial continuity, and through 
it in the further and not purely serial concept of functional 
continuity : now to use these as the rigorous expression of 
relations between variables whose meaning is derived from 
an experimental measurement is not only the extrapolation 
questioned in the preceding section : it is more, it is an extra- 
polation beyond any inductive region to infinity. ” Aleph, ” 
IS a number which does not occur in a science of measurement, 
and by its nature never can ; its place as the first number not 
subject to all the inductive properties prevents its inclusion 
in a region where even finite extrapolation beyond the macro- 
scopic of measurement is as yet in doubt, and infinite extra- 
polation meaningless. Poincare’s well-known objection against 
the use of infiraty in science may not be universally valid, 
but it is for this case supported by a recent paper (Wrinch and 
Jdfr^, Pkil. Ma^,, 1921, vol. xlii, p. 371), in which the use 
of infinite classes is declared invalid if our only information 
about the members of the classes is empirical. 

4. CONTIKUITY AND QUANTUM THEORY 

With purely experimental and purely mathematical defini- 
tions of continuity as sharply distinguished as the preceding 
two sections would indicate^ it is clear that the mathematical 
notion is not simply a refinement of the physical but involves 
fore^ to expmment. The question next arises as 
tb whethor either of these can form a legitimate con^uity 
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basis for a sdence of dynamics or mathematical ph^csi wUch 
deals with material which is of experimental ongin with a 
method which can have no experimental explanation^ The 
answer to this question made in practice involves incompati* 
bilities until we widen our theories of physical method ; for 
we have seen in ( 2 ) that conflict with any quantum hypothesis 
must arise if the assumption is made that the continui^ of 
certain magnitudes as we measure them is capable of indranite 
extrapolation, and we have also seen in ( 3 ) how that indefinite 
extrapolation is excluded from experimental theory a priori 
by the nature of the assumptions involved in mathematical 
continuity ; and yet, on the other hand, how is a different 
tial equation, with its basis of continuous functions, to be 
constructed if experimental continuity with its relativity 
to perception is all that is to be legitimate for theoretical 
dynamics ? 

It is here suggested that these incompatibilities to which 
the study of continuity forces us are insoluble in the terms 
so far used of a single Physics into which mathematical and 
experimental methods are to be recombined ; i.e. insoluble 
so long as we assume mathematical and experimental physics 
are capable of talking about the same thing. The recombina- 
tion required after isolating the continuity concepts can no 
longer result in a homogeneous physics, but must recognise a 
logical separation into several sciences. This separation is 
of course a separation in Theory of Science rather than in 
Science — physics will always advance by a mixture of such 
separate “ sciences ” ; but it is suggested that the separations 
must be kept in mind whenever a mathematical theorem is 
used to iH'edict an experimental result or an experimental 
result given mathematical form in a differential equation. 
Now Dr. Campbell and others have been attracted to the com- 
parative simplicity of a science which can be built logically 
on one homogeneous method, and reduced all their definitions 
either to the experimental or the mathematical, but the pre- 
ceding discussions suggest that either of these courses must 
end in greater heterogeneity still. 

But if the only way to retain mathematical continuity 
and yet avoid the conflict whose origin was above discussed 
is to abandon all attempts to provide a single logical develop- 
ment for physics, we must recognise frankly that the subject- 
matter of microscopic and macroscopic dynamics and expmi- 
mental measurement cannot be r^arded as one in the sense 
of being reducible to the same scientific terms : their apparent 
identity before the quantum theory came was due to a fortuniite 
group of accidents to which it is illogical to make further 
app^. It is suitable to express tins in Dr. Bohr’s recess 
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stataeaneot that we may have to admit the impossiinlity of 
niMting a strictly mechanical model of the atom, i.e. micro- 
sc^c Space by time variation may mean something entirely 
dimnoH; from the " motion ” we measure macroscopically. In 
this sunestion Dr. Bohr foreshadows a far more radical advance 
than the usual view of classical dynamics as being a statistical 
account of problems in which many individual quanta are 
involved. For such reconciliation with quantum theory on 
unquaMed statistical grounds assumes that the individuals 
are merely smaller “ bundles *’ of the same thing that we 
measure macroscopically, while the above considerations 
frankly admit that of the nature of the microscopic in time 
and space concepts our measurement ph3rsics can tell us abso- 
lutely nothii^. 

It may be profitable to attempt to classify the several 
•' sciences ” which the difficulties of continuity thus require 
us to rec<^nise as the logical implication of the quantum 
theory : their scope, requirements, limitations, appear through 
the implications of the analysis of the preceding discussions, 
and must be separately accounted for in whatever solution is 
devised for such questions as the conflict of certain new views 
with a concept susceptible of so many different meanings as 
is the concept of continuity. 

The two extremes first separated out above form the basis 
for these “ sciences ” : namely, experimental continuity and 
mathematical continuity, which are entirely independent, 
though as concepts psychologically derivable from a common 

S nesis in expenence. Experimental continuity was seen to 
meaningless unless relative to some particular conditions 
of perception, and unprovable if extrapolated beyond those 
conditions. Subject to this limitation it is definable in terms 
of Poincare's expression and Weber's law. Mathematical 
continuity, the other extreme, was based as a function concept 
on purely logical ideas, and was not in any way an extra- 
polation of experimental continuity ; since such extrapolation, 
if carried out, would have to involve an infinite class, from 
which the dropping of infinitesimals out of pure mathematics 
cannot save it, to suit the modern Cantor serial continuity 
wluch is its logical foundation. Now we can recognise a science 
of pure measurement and a science of pure demonstrative 
i^erence which would make use of these two extreme con- 
rinuitiea respectively : the latter would constitute what is 
sometimes called Rational Dynamics. Most of physics is, 
howevor, not solely a science of measurement nor solely an 
watalytical dynamics : the two sciences defined by these two 
stm^e extremes of continuity are therefore of small import- 
sooe CQoqMred with the other two now to be discussed. Most 
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of physics consists of the theories and h3rpothe8e8 re<|ufa«d by 
experiment : there arises therefore from these h3rpothe8e8 a 
thurd “ science ” which might be called Experimental Theoiy, 
and is logically distinct from the reasoning processes imniediateiy 
connected with experiment itself. 

This third aspect of physics, to which most of what comes 
under the denominatioirof that science belongs, is characterised 
by an experimental continuity extrapolated beyond actu^d 
measurement, but not beyond hypothetical measurem^/; . 
i.e. not to a stage supported by infinitesimals of the 
calculus or transfinite numbers of the modern theory 
tions. It is, therefore, never either demonstrably vuld as 
relative experimental continuity of the Poincar^ type would 
be, nor a priori invalid as mathematical continuity of the 
Cauchy type would-be, but forms a temporary hypothesis of 
continuity until superseded either by refinement of observa- 
tional method or by the contradiction of its consequences. 
Of the former mode of superseding, an example is the defeat 
of the early continental view of cathode rays as a radiation 
by the English view of them as a stream of discrete corpuscles : 
of the latter mode of superseding an example is the introduction 
of Planck’s “ h ” in its first appearance. Now on this view 
no conflict is here raised by the quantum hypothesis of dis- 
continuity ; the neutral character of Experimental Theory as 
r^ards validity or invalidity of continuity enabling m to 
relegate the chief logical difficulty of quantum physics to what 
is strictly another science : the distinction is clearly Seen 
when Radiation and Specific Heat theories are analysed accord- 
ing to their logical process instead of according to their historical 
sequence or mathematical connection, showing the introduction 
of “ A ” belongs to Experimental Theory while the other 

k 

great step, the substitution of t for a constant in the 

V ““ I 

equations, belongs, together with the legitimacy of the Equi- 
partition of energy and the legitimacy of all (differential pro- 
cesses, to Mathematical Theory, in which also the whole problem 
of quantised orbits and Bohr’s theory of spectra must be 
classified. 

Thus, in the light of this division of physics into the smarate 
sciences determined by the structure of its reasoning, the dis- 
continuity of the quantum theory denies, not classical dynamics, 
but an hypothesis of continuity which had no a priori cuaim and 
no basis but analogy and the apparent consistent^ of results 

E redicted by its means. The continuity of classical dynamics 
elongs logically nc)t to this Experimental Theory probl^, 
but to the fourth science now to be discussed. 

For besides Experimental Contimuty, Mathematical 
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tinuityi. and the extrapolated and logically neutral continuity 
of the oiird sdence ’’ we have called Experimental Theory, 
the methods used by physicists involve a need for a fourth 
science, to be determined by whatever continuity is Intimate 
for the differential equations of mathematical physics. Here 
arises a difficulty far greater at first sight than that of the 
purely physical quantum hypothesis of Planck and Einstein 
concernii^ Action, and it is perhaps this difficulty which led 
Campbell and others to make the demand quoted above for 
the complete rejection of the validity of classical dynamics. 
For continuity is here not logically neutral, as it was in Experi- 
mental Theory, since it is not merely an extrapolated experi- 
mental continuity but the rigorous mathematical continuity 
with its non-empirical basis which seems required. 

But the solution seems to lie in the vital importance of 
remembering for what purpose this mathematical rigour is 
needed. Now Campbell’s revolt against classical dynamics 
indicates that the need for continuity in forming differential 
equations implies a similar continuity for the empirical quantities 
to which the variables of Rational Dynamics become attached 
in the logical transition from pure mathematics to physics. 
But there seems no ground for an implication covering such an 
enormous hiatus in method : and, once the distinction between 
what is needed for the building of an equation and what is 
needed for the application of the equation is emphasised, the 
breakdown of classical dynamics appears as the breakdown of 
a false transfer of continuity from the method to the material 
of physics. 

Now such a transfer is equivalent to a false transfer from 
one “ science " to another “ science ” within physics ; for the 
fourth science does not contain any logical element which is 
not present in one of the other three sciences, and this funda- 
mental distinction within itself of method from material repre- 
sents the distinction between the elements due to the sciences 
of pure mathematics and of experimental theory which are both 
present in mathematical physics. 

It should now be more clear what happens when mathe- 
matical physics is built up, and what dependence it can have 
on the continuity restrictions and validity of experiment, 
mathematics, and experimental theory. Methodologically, 
mathematical physics is built on continuity of complete mathe- 
matical rigour, as in the case of Rational Dynamics and the 
differentisd equation systems of pure anal^^is : this continuity 
is perfectly le^timate as a methodological convenience on 
exactly the same ground that n^dimensional and non-EucUdean 
geometries are legitimate, and no quantum hypothesis what- 
ever can <£sturb their validity. But when the foundations of 
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this continuity were discussed above tiiey were seen to be 
entirely separate from the empirical concepts on which any 
dynamics of the world of ph^cs (as distinct from Rationm 
Dynamics) is based. The subject-matter of mathematical 
physics is therefore not of the same conceptual nature as its 
methodology — the two^ sets of concepts involving ideas as 
impossible to correlate’ as measuring scales and transfinite 
numbers. When, therefore, the measurable variables of 
Experimental. Theory are substituted into these equations 
a step has been taken from one science to what is really an 
entirely different science, and the distinction of the two sciences 
becomes the distinction between concepts of a non-empirical 
methodology and concepts of empirical subject-matter ; the 
methodological continuity of the one must on no account be 
transferred to the physical material of the other. Thus, while 
the existence of a differential equation alwayrs implies full 
mathematical continuity in all its rigour, differential equations 
nevertheless have to be built without any reference to the 
subject-matter which is to give physical as distinct from 
mathematical meaning to their variables, and hence the func- 
tional continuity of the equations gives no ground whatever 
for dedding whether the hypothetical m^nitudes of Experi- 
mental Theory which they represent are or are not continuous 
beyond what can be measured. This latter decision lies not 
in mathematics — ^which is independent of subject-matter 
— but in the success or failure of experimental predictions 
made after inserting the quantum condition summarised in 

Sommerfeld’s y" — mk. 

Mathematical Physics, as the fourth of the “ sdences ” 
separated, thus shows itself as a superposition of Experimental 
Theory on pure mathematics : the latter providing the method 
of exploration and discovery, but the former the only final 
test of validity. 

The distinction of lomcally separate “ sdences ” in phydcs, 
which thus seems the only clue to the real nature of the relation 
of dassical dynamics to quantum theory, is illustrated by 
considering the place occupied by the various quantum con- 
ditions which are generalised in f pdq — mh. The difference of 
what is here called Experimental Theory from the Mathematicid 
Physics, which is a compound of the former with pure mathe- 
matics, is shown in the fact that quantum physidsts construct 
differential equations as much as did the older workers, and 
on as rigorous a continuity basis : the restriction of quantising 
a motion is then brought in afterwards and superimposed on 
that continuity. This superposition is not a mathematical 
force, but a recognition of the fact that the differential equation 
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represents a certain group of concepts forming logically one 
saence, while the expression involving “ A ” represents a 
theory of microscopic quantities which is for the time being 
gpven terminology analogous to that used in experimental 
dynamics of the macroscopic, and which we have therefore 
classified as Experimental Theory. The former group of 
concepts is tied to continuity, but the latter is not. 

Further illustration of these distinctions might similarly 
be found in considering how far mathematical and non-mathe- 
matical concepts are involved in Equipartition and Least 
Action : a methodological reason might be apparent why, of 
these two generalisations, the latter seems valid as a guiding 
principle 0? physics while the former fails. But this would 
be an application beyond the scope of the present paper. 

The outcome of this discussion is, then, a suggestion that 
the distinction of the “ macroscopic ” from the “ microscopic ” 
in physics, which has been a commonplace these recent years, 
really covers a distinction into several very different sciences ; 
this distinction, though unimportant and unnecessary in most 
of the investigations by which the mixed science of ph3rsics 
advances, nevertheless is not without use when widespread 
conflicts such as that between classical and quantum dynamics 
arise, and might enable us to recognise in differences of logical 
structure the only way of understanding how far the methods 
of physics make such conflicts to be real or illusory. 



RECENT DEVELOPMENTS IN THE 
THEORY OF SOLUTION 

By JOHN STANLEY DtJNN. B.A., B.Sc.. A.I.C. 

The Calico Printers Association, Central Laboratory, Manchester 

During the eighteenth century the majority of chemists in- 
clined to the opinion that a vaguely defined affinity deter- 
mined the course of a chemical reaction, and it was not until 
i8oi that Berthollet suggested that the relative quantities of 
substances as well as their affinities were worthy of considera- 
tion : " Toute substance qui tend & entrer en combinaison agit 
en raison de son affinity et de sa quantity.” 

In 1867 Guldberg and Waage propounded their famous 
law of mass action which stated that chemical change was 
proportional to the product of the active masses of the sub- 
stances. The application of this law to reversible reactions 
leads to the conception of the equilibrium constant which is 
defined by the equation 

a, X o, X a, ... — ^ 

^ ^ • • • 

where a^, Og, a, . . . and a^, a,* . . . are the active masses 

of the substances entering into the chemical reaction 

A, A, A, ...» A,* V A,\ 

The law of Guldberg and Waage has been verified experi- 
mentally for a number of cases. Notably Bodenstein has 
confirmed the law very completely for the reaction 

There are, however, important exceptions. For instance, 
Lapworth and Jones have shown that the equilibrium “ con- 
stant " of the reaction 

C;H. 0 H -fc CH,COOH - C,H,COOCH, + H ,0 

is not constant, but varies with the amount of hydrogen 
chloride present as a catalytic agent. 

If an attempt is made to apply the law of mass action to 

333 
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the dissociation of electrolytes its breakdown is complete. 
If we measure the degree of dissociation of an electrol3rte by 
means of tho conductance ratio corrected for viscosity, 




a 


and apply the mass law, we obtain the expression 


v(i-a) 

where a is the degree of dissociation at a dilution v. 

Even in the case of a weak electrolyte such as acetic acid, 
the “ constant ” K varies from i’4 in normal solution to 1*84 
in a pVff normal solution. But the breakdown of this law is 
best illustrated for solutions of potassium chloride. 

Molal concentrations “ K " 


•001 

•046 

•oi 

•148 

•I 

•528 


The conception known as the solubility product has been of 
considerable value in a great deal of theoretical work. It 
depends upon the application of the law of mass action to the 
ions of sparingly soluble substances, and is contained in the 
statement that so long as a solution is saturated the product 
of the concentrations of the two ions concerned is a constant. 
At saturation the active mass of the undissociated molecules 
is constant and therefore by the mass law 

Ca" X Ca + T- 
Ca + 

and collecting constants G»“ x C — K‘ 

K* is known as the solubility product. 

Accurate solubility Imeasurements, however, have shown 
considerable deviations from this law. 

Vet another indication of the abnormal variation of the 
active mass is given in the enhanced catalytic power of the 
hydrogen ion in the presence of a neutral salt which may 
contain the same anion as that associated with the hydrogen. 

Very little progress had been made in the construction of 
a comprehensive theory of solution till G. N. Lewis in America 
commenced a series of researches which had for their object 
the formulation of exact thermod3naamic laws which should 
describe the behaviour of the ions and undissociated molecules 
of all electrolytes. He has succeeded in showing that the 
acti^l spatial concentrations measured in moles per litre or 
mofes per 1,000 grs. of solvent with which we are accustomed 
to d^I ate not necessarily proportional to the “ active mass ” 
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of Guldbe^ and Waage and van *t Hoff. In a gre^t many text- 
books active mass is identified with concentrat^n and it ia 
treated as a very surprising matter that laws deduced for a 
strictly thermodynamic quantity should not hold when applied 
to a purely mechanical quantity. The idea of spatial con- 
centration has very little meaning for the student of the theory 
of solution, and indeed it will be shown that in the case of 
strong electrolytes it is not capable of any rigid logical defini- 
tion. What really concerns the theoretical chemist is the 
influence that a substance can exert upon others. He is 
thrown back upon the active mass, a purely thermod3rnamic 
quantity, and must adopt thermodynamic methods in mea- 
suring it. 

The fundamental quantity in Lewis’s theory of solution 
is called the activity o*. This is strictly proportional to the 
active mass, and so in the case of an electrolyte such as sodium 
chloride we may write 

g + X g- _ 

o, 

where a and g, are the activities of the positive and negative 
ion and the undissociated molecule respectively. At infinite 
dilution we may assume that the activity becomes identical 
with molality. Furthermore, since we are dealing with con- 
ventional quantities we may adjust our values so that K be- 
comes unity, and hence 

g* X g_ “ g,. 

The activity of the sodium chloride is thus equal to the pro- 
duct of the activities of the two ions. 

At infinite dilution 

g+ « g_ — g,* 

and under all circumstances the geometrical mean of the ion 
activities g i is equal to g,*. 

If we divide the mean activity of the ions by the molality * 

of the electrolyte we obtain a quantity - 7, which is known 

as the activity coefficient or thermodynamic degree of dbsocia- 
tion, which becomes equal to unity at infinite dilution. 

> Activity is in fact the “ active mass " of Guldberg and Wasge. It is 
defined ia the equation 

Fo-F,-RTte4.J. 

where F, and Fi are the free energies of a substance in two states at con- 
stant temperature and and Oj are the corresponding activities. 

* A " iholal " solution of, say, sodium chloride, is one which is made by 
dissolving <me " mole,” at molecular wei^^ in grammes, in 1,000 graauaes 
of smter. 
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If, however, we are dealing with an electrolyte which dis- 
sociates into a number of ions greater than two these equations 
are slightly modified. For a very dilute solution of barium 
chloride of molality m we have 

a+ •=»♦«, a_ 2 w and a ± -» [(m)(2m)']* 2*m 
in order to make the activity coefficient equal to unity at 
infinite dilution we must write 


The modern school of chemists in America who owe their 
origin to G. N. Lt!wis have chiefly been occupied in measuring 
these activities and showing their dependence upon stochio- 
metric concentration and the presence of substances with 
common ions. 

If we wish to measure activities or their ratios there are 
four main avenues of approach : 


(i) Electromotive force measurements. 

f2) Distribution and vapour pressure measurements. 

(3) Measurements of osmotic phenomenon. 

(4) Solubility measurements. 

By far the most useful and straightforward of these is the 
electromotive force method. 

If a cell be constructed of the type 

A. Ag|AgClKa(Q)||KCl(C,)AgCl|Ag 
or 

B. Ag + AgCl KCl(Q) I KHgl KCl(C,)AgClAg. 

The electromotive force developed is 

and E« — In 


where Oj, a,, and a,, a^, are the activities of anion and cation 
at concentrations c, and c, respectively. By making the assump- 
tion that — a,“, provisionally these equations become 




If we construct a series of cells in which KQc, if kept 
constant and the other half varied KCl(cii), Ka(c,)KO/(c4), 
etc., it follows that the electromotive forces E^, E., E., etc., 
stand in the relation 


: E« : : Ina , : Ina , : /no,. 

If, then, we fix the value of a, arbitrarily it is an easy matter 
to calculate a, and a^. 
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By this means the mean activities of the ioAs ate mea- 
sured. The measurement of individual ion activities involves 
certain other assumptions, and will be dealt with j^ter. 

The distribution method depends upon the fact that for a 
substance distributed between any two phases the activities 
are related by the expression 



If, therefore, we can find a solvent in which the activity of the 
substance in question is proportional to its stochiometric con- 
centration and can measure its distribution between this 
solvent and water, we can then calculate the activity of the 
substance in the aqueous phase. This method has not been 
largely employed since non-dissociating media fail almost com- 
jjletely to extract strong electrolytes from their aqueous solu- 
tions. Measurements have been made, however, of the dis- 
tribution of picric acid between benzene and water. 

It is possible, in the case of a volatile solute, to obtain a 
measure of its activity by means of partial vapour pressure 
measurements. The partial vapour pressure, provided that it 
is not too great to justify the application of the gas laws, is 
promrtional to the activity of the solute in the liquid phase. 

Measurements of this type have been made by Bates and 
Kirshman, on hydrochloric, hydrobromic, and hydriodic acid. 
They were unable, however, to carry their work below a dilu- 
tion of 3M since at these concentrations the vapour pressure 
becomes exceedingly small. These measurements have been 
extended to lower concentrations by Rideal and Dunn. 

It is also possible by means of the thermodynamical rela- 
tionships of partial molal quantities to calculate the partial 
vapour pressures of one constituent if those of the otner are 
known. By this means the partial vapour pressure of sul- 
phuric acid and hence its activities have been calculated from 
the measurements of Brdnsted of the pressure of water vapour 
over suli^uric acid solutions. 

The calculation of activities from exact measurements of 
osmotic phenomena, such as freezing-point depression, has been 
accomplished by Lewis, and for details of these calculations 
reference must be made to his book Thermodynamks, 
chap, xxvii. 

ilie agreement between the three methods outlined above 
is excellent for solutions of sulphuric acid, the only case which 
has been completely tested. See Fig. i. 

It is thus possible to measure the thermod3mamic concen- 
trations of sulktances by several methods different in piinciple 
which lead to concordant results. It is also apparent that 
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these thermodynamic quantities are not related in any simple 
manner 1)0 actual spatial concentrations. 

The extension of the theory, to solutions containing more 
than one solute has been equally successful. The enhanced 
catalytic power of hydrochloric acid in the presence of neutral 
chlorides^ where, according to the theory of ionic Suppression, 
a decrease would be expected, was for a time very difficult to 
explain. If, however, we construct concentration cells in which 
concentration of hydrogen chloride is kept constant and 



various neutral salts are added, we find that the hydrogen ion 
activity is enhanced. 

Hamed has measured the electromotive force of a series 
of tielb in which the concentration of HCl was kept at o'lM 
in the presence of varying concentrations of Lid, NaCl, and 
KC^ and has shown that for dilute solutions the activity 
ooefficient is dependent only upon the total concentration of 
dfectpolyte. His results are given in table : 


Totiklifi. 




Pun HQ. 

Ha In 
UQ. 

HO in 
NnCL 

Ha in 

Ka. 

0*1 « 

• 



* *81 

« 8 x 

•81 

•81 

o*a . 




• -78 

•78 

.78 

•78 

0*5 . 

« 



. *76 

•z® 

•76 

•75 

x*o • 

• 



. *82 

•86 

•80 


a«o • 

* 



. 1*02 

x *09 

•94 

•84 

4*0 • 

• 



1*84 

2*02 

1-47 

117 

t6 
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In concentrated solutions it is not p^ibk to orfgul a t e the 
activity coefficient by any simple ruki since the speiiflc a^ioD 
of the neutral salt is marked. 

It is worthy of notice that the relative effect of added 
tons in increasii^ the activity of the hydrogen ^hbride it 
parallel with their degree of hydration Li>Na>K. 

The work of Brdnsted upon the influence of added salts 
upon the solubility of a solute is too complicated in detail to 
outline, but he has succeeded in elucidating a number of 
phenomena which has hitherto received no etrolanation. 

The activity coefficient of slightly soluble bodim in the 
presence of other electrolytes may readily be determined. In 
a saturated solution the activity of the solute in the presence 



of a solid is fixed since the thermodynamic potentials in the 
two phases must be equal. 

The activity coefficient is defined by the equation 


a— 


»i±' 


The activity coefficient therefore always remains invenely 
propc^ional to the mean molality of its ions. In the case M 
adoition of a solute with no common ions the molality becMMS 
equal simply to the solubility. If, then, we plot the redpnMCil 
of the solubility ^inst the total molality as in Fig. a, we sfu 
fi^d the proportionality factor by extrapolation. TnnS| m 
tballous chloride in presence of a number of solvents t^e 
extrapolated line cuts the zero concentration access at '703, 

so that if we divide our values of — ^ by this number, we get 

$ 9 $ 3II 

the activity coefficient for thaUous chloride in the correspond- 
ing solution. Thus Lewis quotes the following figures : 
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la a O’Oj solution of potassium chloride the solubility 
of thallous chloride is 0^0059. Thus m— O'OOSP, ih — 
foxjo 59+0^550) 0*05 590, and w — (0*00590 x o*o559oj»-« o*oi 81 . 

Dividing by 703 we see that the activity coefficient of thallous 
chloride in the mixture of total molality 0*05590 is 

o-oiSt + 70*3 “ °* 784 * 

The following table shows a few of the results obtained : 





liiKNOt. 

laKCt 

In HCl. 

In TlNOs. 

0*001 

. 


. 0*970 

0*970 

0970 

0*970 

0*01 

. 


. 0*909 

0*909 

0*909 

0.909 

0*02 

. 


, 0*872 

0*871 

0*871 

0*869 

0*05 

• 


. 0*809 

0*797 

0*798 

0784 

0*2 

• 


. 0*676 

0*613 

0*630 

0546 


From this we have no hesitation in affirming that if we could 
get a super-saturated solution of TlCl at a concentration of 
*03 moles i«r 1,000 cc. its activity coefficient would be *871. 
In attempting to formulate a rule for the activity coefficient 
in mixtures of different valency types, Lewis has been led to 
an important generalisation. He defines a new term, the ionic 
strength thus : in any solution of strong electrolytes, let us 
multiply the stochiometrical molality of each ion by the square 
of its valence. The sum of these quantities divided by two 
(since we have included both positive and negative ions), we 
shall call the ionic strength. In dilute solutions the activity 
coefficient is the same in all solutions of the same ionic strength. 
Thus rule holds with considerable accuracy. 

Hitherto we have only dealt with the mean activities of 
the two ions. The individual activities of the ions may be 
computed if we make certain assumptions. Mclnnes has 
assumed that in the case of two univalent salts the activity 
coefficient of the common ion are identical at the same con- 
centration. It is reasonable therefore to suppose with Lewis 
that in the case of the individual ion also the activity coefficient 
«f any ion is dependent solely upon the ionic strength. Mc- 
Innes suggests that in, the case of potassium chloride, in which 
the tons have nearly the same weight and mobilit:^ we may 
consider that at all concentrations the activity coefficients of 
two ions are identical. By this means we are able to 
n»ign values to the potassium and chlorine in any dilute 
electrolyte of known ionic strength. In the case of sodium 
^loride, knowing the mean activity and also that of the 
chlcnine ion we can calculate that of the sodium ion. Hie 
is thus opened up to an experimental determination of the 
individual activities of the ions. 

The problem of strong electrolytes has recently been ap- 
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proached from a totally different view-point by Ghosh, Milner, 
Mclnnes, Brdnsted, and others. Their fundamental assump- 
tion is that all strong electrolytes are completely ionised even 
at fairly high concentrations. Ghosh has attempted ^quanti- 
tatively to develop this theory to account for observed con- 
ductance phenomena. He assumes that the ions of a totally 
dissociated electrolyte are arranged regularly in a solution by 
virtue of the electrostatic forces developed between them. 
Upon this assumption he develops upon a statistical basis the 
number of ions which are sufl&ciently removed from the in- 
fluence of ions of opposite charge to function as “ free ions,” 
and to carry an electric current. He obtains what at first sight 
appears to be an extraordinarily good agreement with experi- 
mental values. 

His work has been examined critically by Kendall, Parting- 
ton, and others, who have shown that not only are his two 
fundamental postulates mutually incompatible, but his nu- 
merical agreements are due in a very great number of cases 
to arithmetical errors and are in the main fictitious. 

Mclnnes bases his view of complete dissociation on the 
failure to extract any measurable quantity of a strong electro- 
lyte from aqueous solution by non-dissociating media and upon 
the small values obtained by Bates and Kirshman for the 
partial pressure of the halides of hydrogen above their aqueous 
solutions. It is doubtful, however, whether this evidence may 
be accepted since solubility data are immensely in favour of 
the aqueous solutions, and this effect is still further ag$;ra- 
vated by the probable strong hydration of the salt in the 
aqueous phase. Hydration, again, is sufficient to account for 
the small vapour pressures. 

Some recent work by Schreider and Brayley upon the 
transport numbers of sodium and potassium ions in mixed 
sodium and potassium chloride solutions bears upon this 
point. ^ They find that under certain circumstances practically 
no sodium^ was transported at all. Since it is not likely ths^ 
a sodium ion could remain almost stationary under the influ- 
ence of an applied EMF, they conclude that there must be a 
movement of sodium at almost equal rates in opposite direc- 
tions. This can only happen by means of the transport of 
complexes of the tyjpe NaQ'Q**, and this necessarily entaib 
the existence of undissociated molecules of sodium chloride. 

The upholders of the total dissociation theory apjMar to 
have overlTOked the work on the optical activitjr of different 
salts , containing the same active ion and the variation of the' 
rotation with concentration. This work indicates very clearlb^ 
that dissociation processes with dilution. 

The Present Position of the Theory c/ Strong Electrolytes,-^ 
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It tes been established quite definitely that neither the activi- 
ties dr active masses of ions nor of the undissociated molecules 
of a strong electrolyte are proportional to their concentrations 
or molar fractions. 

Under the circumstances it is not surprising that the con- 
ductance ratio not give a value for the degree 

of dissociation which shall justify the application of the 

Ostwald dilution law — ** v — K. We should probably not 

(1-0)0 ^ 

be far out in assuming that we could calculate the actual 

space concentration of the ions from the conductance ratio. 

We are far from understanding completely the factors 
which determine the thermodynamic concentrations and can- 
not agree with W. C. McC. Lewis that it is determined solely 
by the ratio, number of ions : number of molecules of free 
water. This ratio does, doubtless determine the values to a 
la^ extent, and in this connection it is noteworthy that the 
ini^nce of alkali chlorides upon the activity of hydrogen 
chloride increases in the same order as their hydration. It is 
certain that hydration is an important factor in the determina- 
tion of activity, but it is equally certain that it is not the 
only factor. The theory of total dissociation, in spite of its 
great and attractive simplicity, can hardly be upheld in face 
of numerous objections which have been already outlined, but 
there are certain elements of truth in it, and the statistical 
treatment of conductance phenomena will probably play a 
considerable part in the theory of solution in the future. 

G. N. Lewis is of the opinion that the term degree of dis- 
sociation applied to an electrolyte is incapable of any rigid 
logical definition. He states his case somewhat as follows : 

_ Let us consider the equilibrium in the vapour phase of a 
mi:^ure of monatomic and diatomic iodine. Each molecule 
of iodine on the average after formation from the atoms will 
traverse a zigzag path of some length and a reasonable time 
will elapse before on the average dissociation once more occurs. 
If by means of an ultra-microscopic instantaneous photograph 
we could count the number of free and combined iodine atoms, 
the result of our count would probably be identical with the 
degree of dissociation obtained by physico-chemical methods. 

Ionic reactions, however, are extremely rapid and before 
an ion has emeived from the influence of its complementary 
ions it is i>robabTy within the sphere of influence of another. 
Thus the time of dissociation is comparable with the average 
Hfe of a free ion, and even our instantaneous photograph would 
^ unable to discriminate between free and combined ions. 
For, tot, it would be necessary to decide how far removed 
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from its complement an ion must be before it is considbied to 
be dissociated. Such a decision would be arbitrary ai^ ac- 
cording to our decision so would the degree of dissodation 
vary. " Until a problem has been logically stated it caimot 
be experimentally solved, and it seems evident that in such 
a case as we have just been considering that, just as we should 
obtain different degrees of dissociation by dinereht choices of 
limiting distance, so we should expect to find different d^sre^ 
of dissociation when we came to interpret different experi- 
mental methods.** 

Whether we agree with this point of view or not, we cannot 
but recognise the fact that, as far as the chemist is concerned, 
it is the chemical or thermodynamic concentrations whidbi are 
important. The detailed theory of the conductivity of elec- 
trolytes remains an interesting field for the application of the 
theory of electrostriction and statistics. 



THE NUCLEIC ACIDS 


By H. GORDON REEVES, M.Sc., A.I.C. 

King's CoUsgs, London 

The problems connected with the composition of the cell 
nucleus have attracted the attention of bio>chemists for the 
past half-century, like similar attacks on most other com- 
plex living tissues, have not up to the present been completely 
solved. The chemical structure and physiological beraviour 
«f the nucleic acids is not only interesting but fascinating, and 
the study of them has resulted in the isolation of a number of 
new purine and pyrimidine bases and directly or indirectly 
has brought to light many important facts. In this summary 
an attempt is made to indicate our present views regarding 
the structure and function of the nucleic acids. “ Nuclein ” 
WM the name originally given in 1 868, by Miescher, to a con- 
stituent of the nuclei of both animal and vegetable cells. He 
xtBcognised that it was a nitrogenous, phosphorised organic sub- 
stance in union with a protein. The non-protein part of the 
OMnplex has since been recognised as a definite entity, '* nucleic 
acid.” Miescher's original method was to subject pus cells to 
the action of dilute sodium sulphate solution, and he obtained 
fa this way an insoluble grey powder, which on treatment 
with dilute sodium carbonate solution and acidification with 
acetic add gave nuclein, a white flocculent precipitate which 

E kvc reactions indicating the presenceof phosphorus and potein. 

Of^-Seyler in 1871 obtained a nuclein from yeast cells, and 
KoBsel ten years later prepared another from the red corpuscles 
of bird’s blood. Miescner, in his study of salmon in their ascent 
of the Rhine, found that spermatozoa heads were free from 
aUnanin and globulin and were made up exdusively of a chemi- 
cal fadivkhud— a sak of an oiganic bme (protamine) and an 
o^fanic acid (nucleic add) containing prosphorus. In the 
fow years ttpd to 1900 Schmiedebei^ in a series of experiments 
oonfinned th^ obsorvations. Some time previously, however; 
Fkcard fa 1174, acting on Miescher*s advice, isolated from 
•afaMn spena guanine and a substance (probably adenfae, 
thm unlmown) which he took to be hypoxanthanine. By 
Mdsnittfag nucleins to the action of hydrol}rtic agents, Kossel 

>43 
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discovered hypoxanthine (1S79), a trace of xanthine fiS9o), 
subsequently guanine (1882-4), and finally adenine uBSd). 
This discovery of the purine bases furnished the following 
guide for further investigation : 

(1) It gave character to nucleic acid and provided a defini* 
tion of the substance by which it could be distinguished 
proteins and other animal and vegetable products. 

(2) It furnished a method of distinguishing true nucleins 
from pseudo-nucleins which are not constituents of the cell 
nucleus and do not yield purine bases. 

(3) It made possible a study of the distribution of nucleic 
acid in the body without the actual separation of the cell 
nucleus from the protoplasm. 

(4) It refuted the claims that nucleins were merely com- 
pounds of protein with metaphosphoric acid. 

(s) It established a chemical connection between the cell 
nucleus and urinary uric acid. 

In 1889 Altmann described a method of preparing protein- 
free nucleic acids from both yeast and animal tissues, and 
five years later Kossel and Neumann devised a means of isolat- 
ing nucleic acid from the thymus gland. The death-blow to 
nuclein was finally dealt when Neumann in 1899 showed how 
nucleic acid could be readily obtained in good yield from all its 
sources. 

^ Research has shown that certainly two distinct nucleic 
acids exist in nature : one derived from the nuclei of animal 
cells and known as thymus nucleic acid (the acid obtained 
from the thymus gland), and the other of vegetable origin, and, 
since yeast cells were principally the raw material, the add is 
commonly called yeast nucleic acid. Schmiedeberg, in 1900, 
was the first to isolate thymus nucleic acid in a sufficient degree 
of purity for analytical purposes. He obtained it as the copper 
^It by a method which eliminated adherent carbohydrates. 
The isolation of pure yeast nucleic acid was not accomplished 
until eight years later by Levene. The method now usually 
adopted for the preparation of both acids is as follows ; the 
wely mini^d thjrmus or compressed yeast is treated with very 
dilute TOiling fustic soda. The mixture is ffitered, and the 
cooled filtrate is made faintly add with acetic add and then 
concentrated. The filtrate at 40 "c is slowly poured into a 
laige volume of absolute alcohol containing a trace of con- 
centrated hydrochloric acid. The nucleic add is thus pre- 
dpitated as a white flocculent mass which is filtered off from 
the mixture, washed with alcohol and ether, and finally dried 
at n^m temperature. Both nucleic adds are white amorphous 
powdem, strongly add in character and insoluble in aloohel 
and ether. They are very sparingly soluble in vnter, but Wt, 
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rea^y dissolved by alkali. Their aqueous solutions are opti- 
cally active and in weak acid solution they are precipitated by 
protein. When pure they do not give the colour reactions of 
the proteins. Thymus nucleic acid is distinguished from yeast 
nucleic acid in that it is not precipitated from aqueous solution 
by acetic acid and that an aqueous solution of its sodimn salt 
gelatinises on heating and subsequent cooling. Th3rmus nucleic 
acid was shown to possess the composition represented by 
the molecular formula CttHfyOnN.sPi, while yeast nucleic acid, 
according to Leyene, has the formula C^H5sOnNjsP4. 

The next question to consider is their chemical structure, that 
is, how the several elements are linked together in the molecule. 
Kossel and Neumann (1893-4) studied the action of mild 
hydrolysis of thymus nucleic acid by means of dilute mineral 
acids and found both guanine and adenine together with a 
more resistant, ill-defined substance which they termed thymic 
add. Drastic hydrolytic agents, e.g. 40 per cent, sulphuric add, 
destroy the purine bases and give rise to the following products : 
(i) cytosine, (2) thymine (both pyrimidine bases), (3) laevu- 
linic acid, (4) formic acid, (5) ammonia, and (6) phosphoric 
add. 

The laevulinic acid was identified and was rightly regarded 
as a secondary product from a hexose group in the nucleic acid 
molecule. Thymine was easily isolated, recognised, and its 
formula determined ; cytosine was much more difficult to 
obtain, but was finally characterised beyond all doubt. The 
ammonia and formic acid were presumed to be formed by the 
decon^sition of the purine bases. Hence the purines are 
more firmly held in the molecule and require drastic treatment 
in order to dislodge them from their combination. 

The many discrepancies in the analyses of the nucleic acids 
from various aniinal sources were cleared up when, in 1904, 
Bang isolated from the nUcleo-protein of the pancreas a nucleic 
add of simple cornposition which yielded on decomposition 
three substances, viz. phosphoric acid, a pentose, and Ranine 
(a purine). This acid is a representative of a “ moMOHucJeoiide ’* 
and is termed " guanylic acid." It was obtained in a pure state 
r-«s the potassium salt — by Walter Jones and Richards in 1914 
by the addition of alcohol to its aqueous solution. The 

E mtose was identified as d-ribose, and the following structural 
tmula for guanylic acid has been evolved ; 

HO\ 

O -P~ O- C,H,N ,0 

UQ/ RibOHMidlM CouiMfMkhM 

The exact point of union of the pentose and guanine is still 
uncertain. 
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" Another mononucleotide, viz. inosinic acid, althoQi^ it 
does not enter into the structure of either of the nudeic 
acids, is worthy of mention. It was obtained from meat 
extract as the crystalline barium salt by Liebig as long aro as 
1847, and was later shown by the action of dilute aci« to 
consist of phosphoric acid, d-ribose, and hypoxanthine linked 
together as indicated above for guanylic acid, hypo xant hi n e, 
however, taking the place of guanine in the latter. 

Walter Jones in 1908, continuing Schmiedeberg’s work, 
established many valuable hypotheses, and in the same year 
Steudel gave an equation for the decomposition of thymus 
nucleic acid by oxidation and hydrol3^is, in which guaimm, 
adenine, thymine, cytosine, hexose, and metaphosphork acid 
were formed.* It is now generally agreed that thymus nucl^ 
acid consists of four mononucleotides similar to guanylic acid, 
all linked together. Each nucleotide is made up of phosphoric 
acid, a hexose, and a base, the carbohydrate residue being 
intermediary, linking the acid to the base. The mononucleo- 
tides, guanylic acid, and inosinic acid are not found as such in 
the nuclei of the cells, but are to be looked upon rather as meta- 
bolites of the true nucleic acids and are derived probably 
from the vegetable food consumed by the animal. Owing 
possibly to the labile attachment of the purine groups and the 
instability of the hexose residues, the mononucleotides of 
thymus nucleic acid have not so far b^n obtained in a crystallni^ 
form. The furthest advance has been the isolation of the barium 
salt of hexose thymidine-diphosphoric acid, the most complex 
degradation product of nucleic acid which has been crystallised. 
However, each of the four mononucleotides which conatitnte 
the nucleic acid molecule can be split oiF.by the action of dilute 
adds, and by the action of more drastic hydrol3rtic agents at 
ekvated temperature each mononucleotide loses phosphoric 
add, leaving a residue of the base and the carbohydrate. The 
latter combination is termed a “ nucleoside,** guanosine 
(gimnine and d-ribose) in the case of guanylic acid. By hydro- 
lysis with adds the nucleoside is further degraded into the 
carbohydrate and the base. The carbohydrate obtained from 
thymus nucleic add was stated by Feulgen (Zrif. physiol. Chem., 

341, 1917) to be glucal (C,H], 0 «), a reductton product of 
glucose to which Fischer in 1913 attributed the structuie 
CH, • OH • CH • CH, • CHOH • C : CHOH ; but in his recent book 

I p 1 

Chemie und Pkysiohgie der Nuileinstoffe n^st Einfllhmng 
in die Chemie der PttrinhSrper (Berlin, 1923), Feulgen brings 

‘ Ci,HitCV>NmP« + 8H,0 + Ob- C,H,N,0 + C,H,N. + CJfUOJie, + 

q,H»ON, + 4CelW3k + 4 HPOb. 



THE NUCLEIC ACIDS 24T 

forward evidence showing that the sugar gives reactions of an 
aldose and its behaviour shows marked differences from a 
hexose. The two pyrimidine bases isolated from thymus 
nuckic acid are thymine and cytosine, and the two purine 
bases are adenine and guanine.^ 

Work on yeast nucleic acid has been concentrated since 
1913, and Levene and his colleagues with the aid of hydro- 
lytic agents have proved that it contains equivalent molecular 
p^portions of guanine, adenine, cytosine, and uracil linked up 
wkh phosphoric acid through sugar residues. Thus bo£k 
nucleic acids consist of four mononucleotides, but in yeast 
nuckic acid uracil replaces the thymine of thymus nucleic acid. 
By hydrolysis with ammonia in an autoclave at 123“ C. Dorf- 
miUler (1915) decomposed yeast nucleic acid into the four 
constituent mononucleotides obtained in crystalline form by 
Levene (/. Biol. Chem., 41 , 483, 1920). By neutral hydrolysis 
under pressure at 175“ C. Levene and Jacobs obtained from 
yeast nucleic acid the following four crystalline nucleosides : 

Guanosine (CjoHuNsOj), identical with the nucleoside from 
guanylic acid. 

Adenosine (QjHisNjOi). 

Cytedine (QH^NsOs). 

Uridine (C,HuNA). 

Boiling mneral acid decomposes these nucleosides into a 
pentose (a-ribose), which was isolated in c^stalline form and 
identified, and the base. Incidentally, the isolation of c^ribose 
gave Levene the opportunity to synthesise an hitherto unknown 
pentose. 

The question now arises as to the manner in which the four 
nuckotides, both in thymus and in yeast nuckic acid, are 
linked together by the loss of three molecules of water. Until 
leoently Kossel’s suggestion that linkage occurs through the 
phosphorus atoms was accepted. On this view the nucleic 
acids would be acid anhydrides, t.e. complex derivatives of 
pyrophosphoric acid. Levene now considers the union to 
be between phosphoric acid of one nucleotide and the sugar 
residue of another, which would represent the nuckic acids 
as esters. Walter Jones, whose ■news have to some extent 
been adopted by Thannhauser, imagines anhydride formation 
between the sugar complexes only. On this view the nucleic 
ackis would be regarded as complex ethers. As no definite 
solution has yet been foundj for the sake of comparison, Levene ’s 
formula for thymus nuckic acid and W. Jones’s formula for 
yeast nucleic acid are given in the footnote on pp. 248-9** 

The arrangement of the basic groups is of course arbitrary 
to some extent, but in the case of thymus nucleic acid, as 
thymine and cytosine can be obtained with one sugar and two 
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phosphoric acid groups attached, both bases cannot be in the 
same half of the molecule. 

The nucleotide structure, which has, as we have seen, been 
proved beyond doubt, is at once remarkable. Such a complex 
would hardly have been arrived at from purely chemical specu* 
lation, and synthesis of the nucleic acids is eagerly awaited. 
It is certain that such compounds play a prominent part in 
the chemistry of living tissues. 

From their . studies on rats Osborne and Mendel (191a) 
showed in a striking manner that certain protein groum must 
be present in the food if normal increase in body weight is to 
follow, but the growing body makes no such demand on purine 
metabolism. That an adult mammal can synthesise a purme 
ring was shown by Benedict in 1916. In his experiments with 
dogs Schittenhelm (1910) found that nucleic acid, taken in 
with the food, is not altered or absorbed by the stomach, but 
is split up to some extent in the intestine, giving a small amount 
of purine but chiefly mononucleotides or nucleosides. Working 
with tissue extracts in vitro, it has been shown that further 
degradation is accomplished by the spleen, pancreas, liver, and 
the kidney. Very little is known about the ultimate fate of 
the p}rrimidine bases, except that the body makes use of them 
in some way, but only when in the combined form, i.e. as nucleic 
acid ; if pyrimidines in the uncombined state are taken in with 
the food, they are excreted in the mine unchanged. However, 
the fate of the purines has been very thoroughly worked out. 
Adenine under the action of the enzyme adenase is converted 
into hypoxanthine, which is further acted upon by hypoxanthine 
oxidase, producing xanthine. Xanthine is in turn transformed 
by xanthine oxidase into uric acid, which in the lower mammals 
is converted by uricase into allantoin. It has been found, 
working with tissue extracts in vitro, that uricase is absent in 


1 Levene*s Formula for Thymus Nucleic Acid 
OH*CHiCHCH-CHOHCHOHCH-C#H4Ng 

^ I Q I ^ Adaalne group 

^t-OCMgCHCHCHOHCHOHCHCiHiC^^ 

Wy 1 I Q I Thymlae group 

O-CH,CHCH*CH0H*CHO»CH'Cai4ONi 
ho/ i L , Q I Quanliio grcN^ 
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the higher apes, the Dalmatian coach-hound, and in man, and 
thus uric acid and not allantdin appears in the urine. Wiechow- 
ski {Biockem. Zeitsch., 19 , 368, 1909) admits that if uricolysis 
occurs at all in human tissues, the action is extremely small 
compared with other animals, and when present appears to be 
reversible or at any rate counteracted by other enzymes. 
This seeming absence of the uricolytic enzyme in man is at 
{xresent inexplicable. 

Although not directly concerned with the chemistry of 
nucleic acids, attention may be drawn to some recent work, 
carried out in the laboratory of King’s College, on the action 
of nucleic acids on the coagulability of the blood {Proc. Royal 
Soc., B, vol. 96, 1924). Pickering and Hewett found that 
rapid intravascular injection, or addition in vitro, of thymus 
or yeast nucleic acids, inhibits the coagulation of the blood shed 
from cats and rats which have been deprived of hepatic activity, 
i.e. secretion of “ antithrombin.” Also an increase of carbon 
dioxide in the circulating blood of these animals decreases or 
annuls the anticoagulant action of nucleic acid. Furthermore, 
these authors noted that serial intravascular injections of 
thymus nucleic acid produce at first hypercoagulability, followed 
by tolerance, culminating in immunity to the anticoagulant 
action of nucleic acid. Immunisation against the anticoagulant 
action of thymus nucleic acid was shown to be produced with 
material free from protein.* Pickering and Hewitt suggest 
that inhibition of clotting by nucleic acid may be due to union 
with plasma components, forming a more stable complex than 
that which exists in normal circulating blood. 

It has been suggested also that the precursor of lactic acid 

* C/. Ford {Joum, Infect, Diseases, vol. 4, 1907, 541) and Acree and Syme 
{Jaum, Biol, Chem,, vol. 2, 1907, 547) on the production of immune 
phenomena by certain glucosides. 
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in muscle is sugar in the form of a hezosephosphoric acid, and 
it is obvious, if this be so, that the metabolism of carbohjni^tes 
is bound up with a phosphorus combination such as the nucleic 
acids. In support of this it may be pointed out that the accel- 
erating influence of phosphates on fermentation is well known. 

Although much advance has been made with the chemistry 
of the nucleic acids^ at {nesent there is no convincing evidence 
connecting them with any particular stage of cell metabolism. 
Much work must needs be forthcoming to demonstrate the 
function of these highly interesting phosphorus complexes and 
to elucidate also the rdle they play in the many-sided activities 
of these microscopical laboratories we term cells. The whole 
question is as yet “ wrapt in mystic silence and in gloom.'* 



THE PHYSICO-CHEMICAL THEORY OF 
TITRATION AND ITS APPLICATION 
TO BIO-CHEMICAL PROBLEMS 


Br LESLIE J. HARRIS, Ph.D. 

BUxtumical Laboratory, Catabridga 

I^YStOLOOY may be said to comprise the sciences of tno- 
pfaysics and bio-chemistry, and these in turn may be described 
as the application of the laws of physics and chemistry respec- 
tively to explain the functions of living matter. It might 
ai^iear from this distinction that the bio-chemist has little 
neM to be concerned with the principles of phj^ics, that he 
should be preoccupied with the chemical composition of, and 
diemical changes occurring in, living matter, rather than in 
the physico-chemical phenomena associated therewith. It has 
been urged that metabolism — ^the fundamental basis of bio- 
diemistry — cannot receive its ultimate explanation in terms 
i^ysico-chemical formulsB, that it consists essentially and 
'obviously of the reactions of descriptive chemistry. Be this 
as it may — and it should be pointed out that these very 
chemical changes are themselves governed by and are under 
the control of physical and physico-chemical conditions — ^it is 
perhaps not out of place to emphasise the value to bio-chemical 
sdence of the precise and elegant methods of physical 
chemistry, since they are capable of throwing light on all 
manner of problems, qualitative and quantitative, which seem 
to baffle solution by the older methods of analysis. In other 
words, even if it be granted that the physico-chemical txpUmOf 
Urn is less adequate than the purely chemical, the physico- 
<^mical meihod may yet be recognised as a valuable tool for 
arriving at purely chemicsd knowledge. 

In the realm of physics some of the most brilliant of recent 
wwk has been undertaken for the purpose of solving phj^io- 
li^cal problems. In order to eludaate the chemical reactions 
wmdi occur in muscle during exercise, A. V. Hill has employed, 
in conjunction with mathematical deduction, some of the meat 
ddBcate ph^ical measurements ever carried out. Hartridge 
and Roughton, making use of novel physico-chemical methods, 

as* 
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have recently thrown fresh light on the chemical change wluch 
occurs during the oxygenation of the blood in the lung. The 
work of Barcroft, Sbrensen, Michaelis, Bayliss, Hardy, and 
others might also be referred to, did space allow. 

In pure chemistry the modern Theory of Titration has 
developed from the work of Noyes, Bjerrum, and others. Its 
application to anal3rtical operations has vastly increased the 
scope of the volumetric metnod, which has gained considerably 
also in precision and refinement. But little attempt has 
hitherto been made to apply the titration theory to bio-chemical 
problems, owing largely no doubt to the complexity of the 
chemistry of living matter. The main object of this paper is 
to descriTO in outline some of the results ‘ of the application of 
the theory to amphoteric electrolytes — a class of substances 
which includes the proteins (and their various degradation 
products), which are the most typical components of living 
matter. The writer has been able to show on theoretics 
grounds that both the basic and acidic groups in amphoteric 
electrolytes are capable of estimation by a variety of addi- 
metric and alkalimetric methods, and has presented experi- 
mental data to demonstrate that a high degree of accuracy 
is possible when the titrations are controlled by conditions 
demanded by theoretical considerations. Perhaps the most 
important practical application is to the determination and 
identification of amino-acids — ^the stuff of which proteins are 
built. The results obtained by such methods are much more 
nearly quantitative than those resulting from actual separation 
and weighing of the amino-adds or their derivatives — a. general 
method of attack in the past, which has yielded only very 
incomplete information. 

Inddentally it has been found possible to solve certain 
outstanding problems of chemical reactions and relations by 
arguments based on the ph3reico-chemical theories of Mass Law 
and Titration. For example, I have been able to prove the 
incorrectness of the oft-suggested hypothesis that the peptide 
linkap;e — CO — NH — , in dipeptides combines with aad or 
alkali with accompanyiig enol-lactim rearrangement. 

Theoretical Considerations. — In volumetric estimations by 
the old-fashioned method add is added to alkali, or vice 
versa, until a change of colour is produced in an empirically 
chosen indicator, i.e. until the " end-point ” is attained. The 

* L, J. Harris, *' The Titration of Amino- and Caxboxyl-gronps in Amino- 
adds, Polypeptides, etc.," Parts i to 3, Proc. Soy. Soc. B„ vol. acv, pp. 440- 
484 (1923) ; Parts 4 to 6, Proe. Roy. Soc. B., vol. xcv, ,pp. 500-522 (1923). 
Use of the Qninliiydrone Electrode for the Estimation of Amino-acids 
and of Add and IB^c Functions, /. Chem. Soc., vol. cxxiii, m. 3294-3303 
(1933). " The Basic Dissociation Constant of Valine," Biockm. J., vol. 
xvii, pp. 693-5 (1923). 
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theory of^titration, on the other hand, takes account not only 
of the end-point, but also of the change in hydrogen-ion con- 
centration (which is a measiue of “ acidness ”) during the 
whole course of the titration. The usual procedure is to plot 
obsorv'ed (i.e. minus logarithm of hydrogen-ion concen- 
tration) against amount of acid or alkali added. In titrating 
an add with a strong base the end-point is determined by 
the strength of the add, i.e, by the magnitude of K,. The 
weaker an acid the more alkaline will be its titration end-point. 
Thus, the addition of one equivalent of soda ( i ) to an equivalent 
of hydrochloric acid produces a neutral solution, (2) to an 
equivalent of acetic acid, an alkaline solution, (3) to an equiva- 
lent of boric acid (a very weak acid), a highly alkaline solution. 
Similarly, the weaker a base, the more acid is its titration end- 
point. It is on considerations such as these that one can titrate 
separately the constituents in mixtures of acids or alkalis, 
«.g. estimate both acetic and sulphuric acids in a mixture of 
the two. 

In discussing the theory of titration in relation to ampho- 
teric electrol3des I have dealt especially with the amino- 
adds resulting from protein hydrol3rsis, and have been able 
to show that the general theory holds with considerable accuracy, 
provided a solution containing amino-acids is regarded as a 
mixture of bases and acids with the same dissociation constants * 
as those of the amino- and carboxyl-groups (or basic and addic 
radicles) present. 

It is impossible to describe here in any detail the theoretical 
basis of the technique that has been devised for estimating 
amino-adds. It may be said in brief that in most cases an 
amino-acid behaves as though it were a mixture of a very 
weak base with a very weak add. Therefore to " neutralise ” 
the whole of the weakly basic radicle in the amino-add the 
titration must be carried to a very highly add end-point, and 
▼ice versa. In neutral solution such amino-acids do not 
appredably possess the properties of either add or base. 
Since the various amino-adds, which in different amounts go 
to build up the numerous proteins, often differ from one another 
In the strengths and sometimes in the number of their respective 
basic and addic groups, therefore, it is possible from titration 
data to discriminate between the various amino-adds, or t3rpes 
of amino-adds, present in a mixture and hence to obtain 
quantitative information as to the composition of the particular 
protdn from which the mixture of amino-adds was derived. 

> BjMnam has recently put forward the theory that the generally accepted 
4i$soeMkm eimstatUs for amino-acids are not the " true ” but " apparent " 
dlsBodatioo constants. Whichever view prove correct, the results described 
below nmala from a practical point of view unafiected. 

*7 
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The hydrogen-ion concentration resulting after the additiMi 
of each increment of add or alkali may be determined in one 
of three wa3rs : by the hydrogen-electrode technique, by the 
use of coloured indicators, or in add solutions by the use of 
the quinhydrone electrode (Biilman). The last-named no^hod 
has much to recommend it by reason of its accuracy combined 
with great simplidty. 

Results Obtained. — ^We must now summarise the main 
results obtained in the series of papers referred to above. 

(1) The strength of a solution of a given amino-add * may 
be estimated by titration of its weakly add or basic groups 
to highly alkaline or acid end-points (applying the necessary 
corrections for the effect of added titrant on the solvent, fcff 
which purpose formulas, curves, and constants are provided^. 

(2) Alternately, the strength of an amino-add solution 
may be determined by titrating to a fixed, predetermined 

value — not necessarily the end-point ; the amount of 
add or alkali required (after subtracting the “ blank-correo- 
dons ”) being, from mass-law considerations, directly pn^r- 
tional to the amount of amino-add present. 

(3) The total amino- and carboxyl-groups present in a mixed 
solution of amino-adds may be determined. 

(4) Estimation of individual amino-adds or groups in 
mixtures : using the quinhydrone electrode, 1 have been aide 
to estimate (i) an amino-add in presence of mineral add or 
alkali, and each of the following alone or present in mixtures 
of ** monoamino-monocarboxylic ” adds ; (2) glutaminic (and 
asparti^ add ; (3^ l3rsine and arginine, or histidine, etc. 

(5) The techmque is of service in controlling the course 
of hydrolysis of proteins, e.^. in estimating the amount of 
amino-adds, etc., set free dunng the course of digestion ; and, 

(6) In controlling the purity of a given amino-add (as 
during the course of its separation and preparation). 

(7) By the choice of appropriate indicators many simple 
estimations of amino-adds may be effected. For exam]^. 
histidine may be estimated by simply titrating with standard 
HCl, to a colour-change with the inmcator thymol-blue. 

(8) The methods of estimating amino-adds by titratixc 
the ettrhoxyl with alkali in presence of alcohol (or of fonnou 
have been investigated from the standpoint of the theory of 
titration ; and by introdudng the use or appropriate indicators 
under conditions demanded by theory, the accuracy of such 
methods has been vastly increased. 

(9) A simple method has been devised for estimating omtno- 
groupis in the presence of alcohol by a back-titration to the 
indi^tor methyl-red. The extreme accuracy of the methods 

* The amino-add soltttkm itself being, most likely, of neutral sMctiea, 
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dcaesribed in the last two ;iections is evident from the following 
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(10) For use with mixtures containii^ a series of groups 
whose separate titration curves are so similar as to overlap, 
a method is described for deducing the “ resultant titration- 
curve.” Conversely, a ” resultant titration curve ” may be 
resolved and the various constituents present estimated. 

(11) Prolans are capable of being estimated by a similar 
technique, since each protein possesses a constant ” coreected 
neutralisation curve ” which is practically irrespective of 
dilution and which is characteristic of that particular protein. 

The following are some of the chemical problems solved 
other than actual analytical estimations : 

(12) The determination of the K, and values for ampho- 
ISrtes, from titration curves ; and the correction of formerly 
accepted constants. 

(13) Proof of the inaccuracy of the theory that peptide 
linka^ in dipeptides react with add or alkali. 

(14) A method for calculating the of any mixture of 
various amino-adds in presence <n add, idkali, etc. 
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(15) The calculation of the effect of dilution, and of nor- 
mality of add or alkali present, on the pu of an amino-add 
mixture. 

(16) The theoretical continuation of a simple titration- 
curve by extrapolation from the early experimental part of 
the curve. 

(17) The explanation of contradictory observations by dif- 
ferent observers, e.g. on the “ alkalinity ” of histidine. 

Enough has been said to indicate that a large sphere of 
usefulness awaits the physico-chemical method in its applica- 
tion to bio-chemical problems. In the future there can be little 
doubt that the titration theory will be put to use for estima- 
tion of various constituents in urine, blood, and milk, and 
other “ biological fluids." Further, a great field of research 
remains open in the application of electrometric and other 
physico-chemical methods for the quantitative control of 
such estimations as involve spedfic reactions between a reagent 
and the substance to be estimated, or for precipitation reactions. 
The possibilities of these methods for eluddating qualitative 
and theoretical problems in bio-chemistry are no less pxtensive. 



SEX-DETERMINATION IN BIRDS 


Bv F. W. ROGERS BRAMBBLL. B.A., Sc.B., Ph.D. 

Scholar of Trinity College ^ and Demonstrator in Zoology and Botany in 
Dublin University 


Throughout the whole range of living creatures, both plant 
and animal, the fundamental difference between the male and 
female organism is almost everywhere apparent, and its conse- 
quences are among the most far-reaching and universal in the 
whole field of biological science. Sex plays so important a 
part in the life of man, in every sphere of human thought and 
conduct, that we cannot wonder that the problems which it 
presents have been of foremost interest from the earliest times 
and have produced almost as much speculation and research 
as the central question — ” What is Life itself ? ” Both 

P roblems remain as yet unsolved, and it may be, as the late 
'rofessor Doncaster has suggested, that neither can be com- 


pletely solved apart from the other. Recent research has, 
however, revealed so much concerning the causes which underlie 


and determine sex that I cannot help feeling that we are on 
the threshold of a far fuller understanding of this aspect of life. 

In the present paper I propose to deal chiefly with recent 
advances in our knowledge of the determination of sex in birds. 


Towards the close of the last century the trend of scientific 
thought was In favour of a metabolic theory of sex-deter- 
mination, such as that expounded in 1889 by Geddes and 
Thompson [8]. They believed that “ the deep, constitutional 
difference between the male and female organism, which makes 
of the one a sperm-producer and of the other an egg-producer, 
is due to an initial difference in the balance of chemical 


changes.” 

With the present century and its wonderful advances in 
the field of heredity, consequent on the rediscovery of Mendel's 
principles, the weight of thought naturally swung over in 
favour of a Mendelian explanation, and the sex chromosoi^ 
theory was evolved. An enormous amount of evidence in 
favour of it has been accumulated, chiefly from the study of 
sex-hmited inheritance and the cytology of the chromosomes. 

The sex-chromosome theory postulates that in the majority 


as; 
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of animals the sex- or X>chromosome is present in dujsii*- 
cate in the female, and is single or accompanied only by a 
small Y-chromosome in the male. Thus the female is homo- 
zygous (XX), and the male heterozygous (XY). In certain 
moths and in birds the evidence, chiefly genetical, seems to 
point to the male being the homozygous sex and the female 
the heterozygote. In this case it is usual to represent the 
male by the formula (ZZ) and the female by (ZW). As I 
pointed out in a previous paper [3] the fact that the mechanism 
of distribution of the sex-cnromosome is so different in birds 
and moths from the majority of other animals raises at once 
a serious difficulty to this theory, for it is hard to imagine how 
two so widely separated groups could have developed a female 
heterozygosis for sex. Further, the phenomena of herma- 
phroditism occurring as they do normally in many monoecious 
plants and animals, and abnormally even in man himself, are 
difficult to reconcile with the theory. 

In its unqualified form the sex-chromosome theory postu- 
lates that sex is absolutely and irrevocably determined at 
fertilisation by the chromosomal constitution of the fusing 
sperm and ovum. In the paper already referred to 1 have 
reviewed much recent work dealing with the reversal of sex 
in normally bisexual animals. In those cases where the re- 
versal is supposed to have taken place before sexual differentia- 
tion is complete it has been deduced from abnormalities in the 
sex-ratio on the assumption that the numbers of chromosomal 
males and females produced would be approximately equal. 
In many other c^es, however, the reversal took place after 
sexual (ufierentiation and sometimes even after sexual maturity. 
The question at once arises : How, then, are we to correlate 
these facts, which cannot be ignored, with the sex-chromo- 
some theory? Obviously we must admit that although the 
sex-chromosome may be an important factor, others also exist 
and must be taken into account before any complete theory 
of sex-determination can be formulated. I wish to emphasise 
that I fully recognise how convincii^ is the great body of 
evidence which has been cited in support of the chromosomal 
theory of sex and to state that I consider, in the majority of 
cases at least, the sex-chromosome to be so potent a factor 
that its presence or absence normally tips up the balance in 
favour 01 one or the other sex. In other words, the other 
factors are normally more or less equally balanced and only in 
abnormal circumstances do they breome sufficiently powmul 
to outweigh the influence of the chromosomal constitution. 
Further, the phenomena of hermaphroditism and sex-reversal 
show that every fertilised ovum contains the potentialities of 
both sexes altlmugh its constitution may be such as to pre- 
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determine its development in one or the other direction. 
Hmving outlined these general conclusions I will proceed to a 
more detailed description of sexual phenomena m birds and 
a discussion of their bearing on the problems at issue. 

To the late Professor Whitman is due the credit of being 
the pioneer worker on sex-reversal in birds. After his death 
Doctor Riddle [i 3] continued the work, confirming his results 
and adding much that was new and of considerable import- 
ance. Working on pigeons and doves, these experimenters 
found that by crossing forms more or less distantly related a 
large proportion of male offspring could be produced. The 
more distantly related were the birds crossed the more male 
offspring resulted. For instance, when the parents were 
belonging to different families or genera all the eggs produced 
males. If such a pair of birds was overworked throughout 
the season, by having the eggs removed to other birds as soon 
as laid, it was found that all the eggs laid during the early 
part of the season produced males, whereas only females were 

E roduced later in the season. During the transition period 
etween both males and females were produced, the former 
usually from the first egg of each pair and the latter from the 
second. Very late in the season the eggs laid failed to hatch, 
the embryos within dying at increasingly early stages of in- 
cubation. They showed further that as the birds grew older 
the period during which only males were produced grew 
shorter, and the period when the embryos failed to hatch grew 
longer year after year. The males produced latest in the 
season were more feminine in their behaviour than those pro- 
duced earlier, and the same with the females. 

Taking these facts into consideration, and remembering the 
greater vitality commonly exhibited by hybrids, these workers 
concluded that maleness is associated with a greater amount 
of developmental energy and femaleness with less, that sexual 
differentiation is an expression of a quantitative difference in 
metabolism. 

This view is remarkably interesting, being almost identical 
with the older theory of Geddes and Thompson. 

At the same time Riddle admits that certain chromosomes 
are associated with sex under normal and stable conditions. 
In other words, he believes that the effect of the sex-chromo- 
somes, normally resulting in the production of one or the 
other sex, can under certain conditions be outweighed and 
reversed by other factors which are not normally decisive. 

In recent years Riddle has attempted to show that a meta- 
bolic difference docs exist between the male and female. He 
has worked chiefly on the blood content and with some suc- 
cess, but without very decisive results. He has shown that 
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the percenta^ of blood-fat is higher in the laying hen tlinti in 
the sexually inactive ben, and tnat it is still lower in ti^ codk. 
The blood-sugar content of the male and inactive female is 
approximately equal, but rises in the actively functioning hen. 

&xual abnormalities in the adult fowl may be divided into 
three chief groups : (i ) Individuals which are more or less com- 
pletely hermaphrodite throughout life. (^3) Ihfoles or females, 
m which the gonads are destroyed by disease. (3) Females, 
usually old birds of good laying strains, in which degeneration 
of the ovary, pathological or otherwise, is accompanied by the 
development of testicular tbsue and the more or less com- 
plete assumption of the male characters. 

Among fowl, birds belonging to the first group are probably 
the most uncommon. Many examples, however, have been 
described from time to time. It will be sufficient here to 
consider one recent case recorded by Hartman and Hamilton 
[9] which is in many ways particularly interesting. 

The bird, a Rhode Island Red, was an apparently normal 
pullet for the first year. Then the comb and wattles began 
to enlarge and the bird learned to crow. It layed once while 
being stroked^ by the owner. Its behaviour was in some re- 
spects male, in others female. At the age of nine years it 
was killed. The comb was upright and male in character as 
were also the enormous wattles and the general carriage. 
There was a well-developed spur on the right leg, but that on 
the left was rudimentary. The plumage was completely 
henny. On dissection an ovotestis was found on the left si^ 
and a testis on the right. A coiled oviduct and a thin 
straight vas deferens were present on the left and a similar 
vas deferens (but no oviduct) on the right. The ovotestis 
contained normal oocytes up to 20 mm. in diameter. Ripe 
speimatozoa were present in the spermatic tubules of both the 
testis and ovotestis. Cysts were present in the abdominal 
cavity and large quantities of fat. This bird is of unique 
interest in that it possessed active functional ovarian and 
testicular tissue at the same time. 

Cases belonging to the second class are common among 
fowl. One bird, a female, recently eammined by Professor 
Qatenbjr and myself is typical of this class (Fig. i). The head 
furnishings were snmll and normal for a female.* The plumage 
was intermediate in character but chiefly male. The spurs 
were well developed. On dissection a small degenerate ovary 
was found on the left side and a well-developed ovidu<a such 
Bs is normally fbund in a resting hen. No trace of testicular 
tissue was present. This case was. therefore, obviously one 
of pathological gonadectomy. Similar cases occur in males, 

* 11^ stai»» o< tbis bird did not appear porinal for a Ikmals; 
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but in them the apparent changes are so slight that they are 
usually overlooked. It will be seen that birds of this descrip- 
tfcn do not throw much light on the question of the determina- 
tion of sex, although they may be of considerable interest in 
relation to the secondary sexual characters. 

Recently a number of cases have been described of appa- 
rently normal females in various stages of transformation into 
males. These cases constitute the third of the above-men- 
tioned groups, but it is extremely probable that some of the 
older records of “ hermaphrodite ” fowl also belong to it. Dr. 
Crew [4] and his co-worker, Miss Fell [5] describe a series of 
eight of these birds “ illustrating the conversion of an actively 
functioning hen into an actively functioning cock." The first 
member of this series was a Buff Orpington with a good egg- 
laying record which had hatched chickens from its own eggs. 
At the age of three and a half years changes began which re- 
sulted in its transformation into a male. On being mated to 
a virginal hen two chickens were bred from it ; one was a male 
and the other a female. On post-mortem examination a testis 
and VOS deferens were found on eaeh side and a thin oviduct on 
the left. The testis on the left side was embedded in a large 
tumour. The plumage and head furnishings were entirely 
male, and externally the bird could only be distinguished from 
a normal male by its female carriage. Ripe spermatozoa were 
present in the testes. The second bird was a Rhode Island Red 
with the plumage more or less intermediate in character. The 
right spur was i cm. long and the left 0*3 cm. An ovotestis was 
found on dissection on the left and a testis on the right. Two 
vasa defermtia and two oviducts, that on the left being the 
larger, were present. Ripe spermatozoalwere present in the testi- 
cukr tissue. The third case was of the same breed as the second. 
Its plumage was intermediate though chiefly henny. The comb 
and wattles were well developed, as was the left spur ; but the 
right spur was rudimentary. A testis and vas deferens were 
present on the right and an ovotestis and small oviduct on 
the left. Spermatozoa were present in the tubules. The re- 
maining birds of the series had the head furnishings of the 
male and the plumage of the female. The spurs were more 
or less developed. ^ ovotestis and an oviduct were present 
on the left side of each, and in one case a vas deferens also. 
One bird was a Light Sussex, the remaining four being White 
Leghorns ; in all the seminiferous tubules were immature. 

Another case has been described ekewhere by Professor 
Gatenby and myself [6]. The bird was a White Leghorn 
(Fig. 2) which was hen-feathered, but with the head-furnishinp 
of the cock. It crowed vigorously. On dissection the ab- 
dommal cavity was found to contain a large amount of fat. 
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An ovotestis was present on the left side. Hie oviductal 
apparatus was normal and no vasa deftrmiia were observed. 
The ovarian tissue of the gonad was fibrous and degenerate, 
containing no oocytes. The spermatic tubules were imma- 
ture and contained no spermatozoa. 

That these cases are examples of sex-transformation taking 
place in adult life, of the female fowl changing into the male, 
cannot be doubted. Simultaneously with the discovery in 
the British Isles of these cases occurring in nature, a French 
worker, M. Jacques Benoit [i] succeeded in producing experi- 
mentally similar results. 

Benoit describes a female White Leghorn chicken from 
which the left gonad was removed when it was twenty-six days 
old. When four months old the chicken commenced to develop 
like a male. At six months its comb was as red and large as 
that of a normal cock. On operating a second time a testis 
was found to have developed spontaneously on the right 
side. After the removal of this organ the comb regressed 
rapidly and the bird assumed the appearance of the castrated 
cock. 

In support of this experiment Benoit cites some work of 
Pezard’s [lo]. Two birds were ovariotomised in 1914, and in 
1919 they had developed the sexual characters, the comb and 
instincts, of the male. Pezard stated that post-mortem exa- 
mination showed that pathological formations had developed. 
He considered that these were “ s^minomes,” and he held them 
responsible for the appearance of male sexual characters. 

Benoit concludes from these experiments and from an 
examination of hermaphrodites that the right rudimentary 
sexual gland in the hen has the value of a rudimentary testicle 
and that whenever it happens to develop it gives rise to sper- 
matic tissue. In support of this Benoit states that he imds 
in female Leghorn fowls of two to two and a half months old 
a canal stretching from the region of the right rudimentary 
sexual gland to the cloaca. On histological grounds he 
identifies this with the epididymus and vas deferens of the 
young male fowl. 

V^^ile fully admitting the importance of Benoit's experi- 
mentally induced sex-reversal, I find myself sharply at issue 
with him in his conclusion that the right rudimentary sexual 
gland of the fowl has the value of a rudimentary testis. I do 
not think that the evidence he brings forward shows that this 
rudimentary gonad of the adult hen is definitely testicular, 
although I have no hesitation in admitting that it possesses 
the potentiality of developing into a testis. But this poten- 
tiality is shared by the definitive ovary itself, for in the cases 
of sex-reversal recorded by Crew, Fell, Gatenby, and myself, 



SEX-DETERMINATION IN BIRDS 863 

teftticnlar tissue developed late in life in the ovary. Further, 
it well known that m many birds the right gonad of the 
female is developed into a functional ovary. A good instance 
k given by Riddle [13] in connection with his work already 
referred to. He says ; “ It has been found that some females 
dead at relatively advanced ages show persistent right ovaries. 
The right ovary in pigeons normally begins degeneration at 
or before hatching and is usually wholly absent from the 
week-old squab. In our study it soon became evident that 
the persistent right ovaries were found almost exclusively in 
birds hatched from eggs of overworked series. Further study 
hsu} shown, in addition, that they arise almost wholly from the 
eggs of autumn, and predominantly then from the second eggs 
of the clutch. These ovaries have sometimes weighed half or 
more than half as much as the adult left ovary with which 
they were associated, and have been found in such birds dead 
at all periods from a few days to twenty-four months.” Finally, 
Hartman’s and Hamilton’s hermaphrodite shows that normal 
functional ovarian and testicular tissue can exist side by side 
as components of the gonad, having presumably arisen from 
the same embryonic elements. Benoit’s evidence that a rudi- 
mentary vas deferens exists on the right side of the female 
chick does not support his view, because the oviduct and vas 
deferens are separate morphological structures, both of which 
may be developed in the one individual hen and on the same 
side. The second example in Crew’s series of fowl is a par- 
ticular instance of this, for it possessed an oviduct and vas 
d^erens on each side. It is therefore reasonable to assume 
tlmt the rudiment of a vas deferens and of an oviduct exists 
in every case on the right side as well as on the left of the 
female fowl. On these grounds I conclude that not only the 
rkht rudimentary sex-gland but also the left functional ovary 
of the adult hen contain elements which are capable of deve- 
loping into new spermatic or ovarian tissue and that these 
elements are probably undifferentiated germinal epithelial 
cells, as has been shown by Gatenby [7]. 

To the three classes of abnormally sexed birds, described 
above, must be added, in the present state of our knowledge, 
a fourth containing the few cases of so-called " gynandro- 
morphs ” recorded among birds. Poll [i i] has described a 
case in the bullfinch in which the left side was female in char- 
acter and sharply separated from the right side, which was 
male. The plumage of the right side was that of the normal 
male and in marked contrast to the duller female plumage of 
the Mt side. Corresponding to these external characters a 
testk was found to be present on the right side and an ovary 
on the left. A similar case in the chaffinch is recorded by 
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Weber [14]. In it the plumage was female on the left and 
male on the right, and an ovary was present on the left and a 
testis on the right. A case in the pheasant is described by 
j^nd [2]. In it the male and female portions of the plumage 
were not so sharply separated, but on the whole the left side 
was prepondcratingly male and the right female. A spur was 
present on the left, but not on the right. An o votes tis was 
^scovered on the left, but no trace of a gonad could be found 
on the right side. 

In conclusion, what inferences can legitimately be drawn 
from these facts ? It is obvious that every fertilised ovum 
contains the hereditary potentialities of both sexes. Normally 
only one of these finds expression and the organism develops 
into either a male or a female, although every cell of its body 
presumably has the hereditary potentiality of the other sex. 
The question at issue is therefore “ what causes the develop- 
ment of one of these alternatives, and not of the other, in 
normal embryogeny ? ” According to the sex-chromosome 
theory this cause is itself hereditary, so that the sex of the 
individual is determined at fertilisation. Recent work has 
shown that although this is usually the case other factors which 
are not hereditary are also concerned and may override or 
reverse the effect of the sex-chromosome and cause the organ- 
ism to develop into the other sex. In birds it has been shown 
that this change may occur at any period in the life of the 
individual, but, so far, in the adult bird only cases of females 
changing into males, and not of males changing into females, 
are known. Further, the balance of sex-determining factors 
may be such as to produce the development of normal func- 
tional male and female tissue simultaneously in the same 
individual. The development of male tissue does not pre- 
clude the possibility of the development of female tissue, and 
vice versa. Maleness and femaleness are not mutually exclu- 
sive, and are both present potentially in every cell of the 
organism throughout its life, and may at any time be ex- 
pired under the influence of suitable causes. At present it 
is impossible to name with certainty these causes. It seems 
probable, as already mentioned, that the sex chromosome is 
an important if not the chief one. Nutrition, hormone action, 
and other metabolic and pathological conditions probably 
play their parts. 

One thing is pre-eminently apparent : that although our 
knowledge of the causes which underlie and determine sex is 
in a stage of rapid growth it is still very incomplete. No line 
of research promises more results than the study of sex in 
birds, and I heartily endorse Professor Punnett’s [12] words, 
“ It IS likely that many a problem in human etmcs will be 
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brought nearer to solution by an intensive study of cocks and 
hens/’ 

It is impossible for me to close this paper without acknow- 
ledging my indebtedness to Professor J. Bronte Gatenby, 
witnout whose encouragement and advice it would not have 
been written. 
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PSEUDO-PHOTOGRAPHIC EFFECTS 


By WALTER CLARK, Ph.0. 

British Photographic Research AssocioHon 

By the expression “ photo^phic effect " is usually under- 
stood any effect in which light acts on a material substance 
in such a manner that a visible change is brought about in the 
substance, this change persisting after the removal of the 
responsible light-stimulus. The change may be permanent 
or only temporary, but it must persist for some time, so as to 
leave a record of the action of the light. Two kinds of photo- 
graphic effect are recognised, i.e. those in which the light itself 
produces a visible change, for instance as in the blackening of 
a piece of ordinary photographic print -out paper, and those in 
which the result of the light action is " latent." This latter 
class requires the application of some further agency, usually 
chemical, e.g. the ordinary " developer," in order to make 
visible the effect of the light action. 

The most familiar type of photographic effect is that em- 
ployed the world over in the taking and printing of so-termed 
photographs. But there are many others which must be 
placed in the same category. A very common but undesir- 
able form is^ that of the bleaching of dyes by the action of 
light, involving much distress to the housewife whose curtains 
fade on the outside of the folds, but retain their coloiur beneath 
them. 

A less well-known effect is that exhibited by the visual purple 
which exists in the eyes of animals and man, and which is 
of primary importance for the process of vision. This sub- 
stance is bleached on exposure to light, and it has been found 
possible to produce an image of a light source, known as an 
optogram, on, for instance, the retina of a frog's eye. The 
image on visual purple can be fixed with a solution of alum. 
This instance corres^nds with ordinary photographic printmg 
on print-out materials. 

. Another example of a different nature may be quoted, 
which corresponds with the development of the " btent imajge " 
on the photomphic plate. It is well known that ultra-violet 
light is capable of destroying bacteria, use of this property beix^ 

m 
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'made in the sterilisatmn of milk. Browning and Russ in 
1917 performed a very pretty experiment by coating a glass 
plate with gelatin which was inoculated with certain micro- 
organisms. When this plate was exposed to the spectrum from 
a tungsten arc, all the bacteria were killed on.the part of the 
plate exposed to wave-lengths less than 2960 A.U., but those 
on the rest of the plate were unaffected. On incubating the 
plate for two days at 37“ C., the living bacteria grew copiously, 
with the result that the plate became opaque, whereas no growth 
occurred where the bacteria were dead, so that in this region 
the plate remained transparent. A record was thus made of 
the action of ultra-violet light, and this must be regarded as 
much a photographic record as is the result of the action of 
light on a plate or film which bears a sensitive silver emulsion. 

So much for photographic effects. But there are other 
effects which, without other knowledge of their origin, could 
be quite reasonably ascribed to the action of light. If on de- 
velopment of a photographic plate, which had not knowingly 
been exposed to light, a dark patch appeared, access of light 
to the plate would immediately be suspected. In most cases 
thb would explain the phenomenon, but in other cases a quite 
different cause would have to be sought in which the action 

light was not involved. For instance, exposure of the 
plate to the vapour of hydrogen peroxide would produce a 
marked blackening on development, and this could not be 
termed a photographic effect since the action of light is not 
the responsible factor. 

Such actions as this, in which a change is brought about 
similar to that produced by light, are conveniently termed 
“ pseudo-photographic effects.” As in the case of photo- 
graphic effects, two classes are distinguishable. If a photo- 
graphic plate is treated in the dark with a very strong chemical 
reducing agent; such as hydrazine hydrate solution, the silver 
salts in the plate are reduced to black metallic silver. This 
is analogous to the formation of a dark image in the print-out 
effect in exposure to light. 

On the other hand, if a plate b bathed in a solution of 
socUum arsenite in the dark, no vbible change occurs until 
the plate is treated with an ordinary photographic developer, 
when the bathed portion develops black. Action simibr to 
that of sodium arsenite is produced on the plate by many 
chemical reagents and b^ certain other means, such as pressure, 
and it b to effects of this nature alone that the term “ pseudo- 
photographic ” is usually appUed. The phenomena are abo 
somethnes referred to as ” photechk effects,” and in certain 
spedal cases as ” Russell effects,” ” ^bon Russell effects,” 
*^metallic radbtions,” ” photoactivity,” and ” Moser rays.” 
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Hiese expressions however, in most cases synonymotisw so 
that it is convenient to refer to them all under the one heading 
of “ fteudo-photographic Effects.” 

Ability to render a photographic plate developable is 
exhibited by large numbers of substances of most diverse char- 
acter. The majority of these were discovered at the end of 
last century during the investigations of W. J . Russell.* Metals, 
fats, volatile oils, and natural organic bodies like wood, straw, 
feathers, blood, butterfly wings, and paper have all been shown 
to possess photographic activity. In many cases exposure of 
the material to sunlight is necessary to promote its activity, 
and some of these activated substances can be “ sterilised ” 
by being kept in the dark for a few days. In the case of certain 
metals, activity is promoted by merely scratching or cleaning 
the surface. 

Of the metals, magnesium, aluminium, and zinc appear 
to be the most active, and the majority of the investigations 
on the effect have been conducted with zinc as the agent. 
Other active metab include cadmium, tin, calcium, lead, 
bbmuth, and antimony, and the activity seems to be to some 
extent a function of the electro-positive character of the element. 

The number of organic materials which gives rise to pseudo- 
photographic effects appears to be enormous. The number 
of active substances, however, is not so vast as would be 
imagined, because the activity can in many cases be traced 
to a common constituent of a number of apparently different 
bodies. For instance, turpentine, printer's ink, certain kinds 
of wood, resins, amber, oils of lemon, bergamot oil, copal 
varmsh, some varieties of straw-board, and a number of otner 
substances all possess an activity which can be traced to the 
presence in them of compounds of the terpene scries. 

Numerous investigations of the properties of the ” activity '* 
have been so fruitful that there is now little doubt as to its 
nature. It is capable of penetrating thin sheets of gebtin, 
gutta-percha, gold-beater's skin, tracing paper, and a number 
of other porous materiab, whereas highly gbzed and dressed 
paper, glass, mica, paraffin, and fluorspar are opaque to it. 
Its passage through thin sheets of aluminium foil was traced 
to tne presence of minute holes in the metal. 

The action b not propagated in a rectilinear manner, and 
can be swept alot^ a bent tube by a current of air. It can 
abo be transferred from an active to an inactive body by 
contact. In fact, everything points to the view that tlie 
active agency is a material substance rather than a radiation, 
and chemical tests indicate that it is hydrogen peroxide. The 

* Proa, Roy. Soe„ B., 1898, 68, loa ; igoS, 80 , 376 : Proc. Roy, Soe., tBgg, 
61 , 409, etc. 
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lUeii^-photographic action occurs only in the presence of 
air, and only under conditions in which hydrogen per- 
oxide can be formed. In the case of certain freshly exposed 
metols it is known that hydrogen peroxide formation accom- 
panies oxidation of the surface, and it is also formed during 
the aerial oxidation of terpenes, etc. 

The most convincing evidence in favour of the view that 
peroxide is the responsible material is the fact that all the 

E henomena exhibited by the active bodies can be reproduced 
y the solution and vapour of hydrogen peroxide itself, and to 
a much more marked degree. Russell found that a develop- 
able impression was produced on a dry plate by exposure for 
eighteen hours to the vapour of a solution containing only one 
part of peroxide in a million of water. 

It thus came to be realised that the action of light on a 
photographic plate could be duplicated by chemical reagents, 
and in the course of time a number of other chemical sub- 
stances was found which were capable of producing a develop- 
able latent image on a plate. Hydrogen p>eroxide, however, 
has been most investigated in this respect, although during 
the past few years it has been realised that consideration of 
pseudo-photographic effects may be of importance for the 
general theory of photography, and fresh experiments have 
been made with other active agents. 

The parallelism between the action of hydrogen peroxide 
and certain other reagents and light on the photographic 
plate is so marked that it is difficult to imagine that the actions 
of both are not ultimately the same, i.e. that both the chemicals 
and the light act on the same substance in the silver halide 
grains in the emulsion with formation of the same end-products 
which give rise to the developiable condition of the grains. 

The action of hydrogen p>eroxide * increases with the time 
of exp>osure of a plate to a solution of definite concentration, 
and with increase in concentration of the solution for a given 
time of action, giving rise on development to a density-ex|>osure 
curve similar in form to the well-known S-shap>ed characteris- 
tic curve for light-exp)osure. As in the case of light, prolonged 
exposure to p>eroxide brings about reversal of the image, and 
the growth of density and of the slopie of the density-expwsure 
curve with time of developmient increase in the same way as 
when expiosure is to light. It is also found that plates most 
Mnsitive to the action of light are most sensitive to hydrogen 
peroxide, and Svedberg showed in 1920 that the average sensi- 
tivity to peroxide is higher for bigger emulsion grains than for 
•ttaller ones. 

The close dmilarity between the actions of peroxide and 
* Sheppard and Wightman, /. Franhlim Inst., 1923, IW, 337. 
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of light on the j^te have led many to believe that peren^idb 
acts as a result of the emission of radiation, although the evi- 
dence is more in favour of a purely chemical action. The point 
is not yet definitely settled, however, and so the authcnr Was 
led recently ‘ to investigate the pseudo-photographic effects 
of a number of other chemical reagents in which the actmn of 
radiation in its ordinary sense could not be involved. 

Experiments showed that an aqueous solution of sodium 
arsenite (NaH^AsOt) reproduced the action of light on a plate 
as faithfully as did hydrogen peroxide. A characteristic curve 
was obtained similar to that produced by exposure to light, 
and having a well-defined reversal portion. Statistical measure- 
ments on the distribution of " development centres ” among 
the silver halide grains in a plate, and of their topographical 
distribution on the individual grains, showed them to follow 
the same laws as were found by Svedberg • and Toy ’ to hold in 
the case of exposure to light. The term " development centre " 
is used to denote the points in an exposed grain at which reduc- 
tion by a developer begins, the centres being rendered visible 
by cutting short the development in its initial stages. The 
distribution of development centres represents also the dis- 
tribution of the latent image. 

Among other chemical substances capable of duplicating 
the action of light on a plate may be mentioned sodium hypo- 
phosphite, ozone, stannous chloride in acid solution, persulphates, 
certain acids, and very dilute developers. There is one re- 
markable fact to be noted about these reagents, and that is 
that they none of them react chemically with silver bromide. 
This fact is of vital importance for photographic theory, for it 
raises the question, “ If these agents do not react with the 
silver halide of the grains in a photographic emulsion, how is 
it that by merely bathing a plate in a solution of one of them, 
the grains are made developable ? " 

Omsideration of this problem indicates that the chemical 
substances in solution could probably react with something 
at the surface of the grains which is not silver halide, so giving 
rise to the developable condition. Although ordinary sUvn: 
bromide, precipitated from aqueous solutions of alkali bromide 
and silver nitrate, is almost immediately reduced by a develop- 
ing solution, the rate of reduction is enormously lowered if 
the precipitation is carried out in the presence of a colloid 
such as gelatin, which acts as a protecting agent for the silvet 
halide.' In the presence of nuclei in contact with the silvec^ 
halide in gelatin, however, the reduction is accelerated again, 
and in the case of an ordinary light-exposure of a photographse 


• BfU . J . PM ., 1933, 89, 463 ; 
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pfole/tt is the function of the light to provide such nuclei. 
Since certain chemical substances also make a plate develop- 
abtei they must act by forming the nuclei necessary for de- 
vek^pnent to occur. 

Observations indicate that the latent image ” due to an 
exposure to light is distributed on the silver Imlide grains in 
the same way as that due to a chemical such as sodium arsenite, 
and, in fact, that both light and chemical substances which 
give rise to ^eudo-photographic effects act on the same points 
in the grains. Since, as we have seen, sodium arsenite, etc., 
appear to act on some other material and not directly on the 
normal silver halide, it follows that light also acts on this same 
material, so giving rise to the nuclei for development. This 
foreign " substance could act either by being itself more 
sensitive to light and chemical reagents, so giving the nuclei 
directly, or else by promoting catalytically the sensitivity of 
the silver halide to light and chemicals. It seems most proteble 
that the latter is the case, the sensitivity-promoting substance 
bei^ adsorbed on the surface of the grains. 

The nuclei in exposed grains pro^bly consist of metallic 
silver, although nuclei of other elements, such as gold, also act 
as development centres if they can be formed on the grains. 
The power of a nucleus to act as a centre for development 
appears to depend on its size, and it is probable that for a given 
developer under defined conditions it is necessary to attain 
a certain minimum size of nucleus before development will 
take place. This has its analogy in other well-known chemical 
phenomena. For instance, Ostwald found that a certain 
minimum size of nucleus was necessary to bring about crystalU- 
satmn from a super-saturated solution of a salt. Zsigmondy 
investigated the influence of colloidal gold particles in bringing 
about deposition of gold from gold-reduction mixtures, and 
found that here again a certain minimum size of gold nucleus 
wa* necessary before deposition would occur. In this case 
the size was or a particle of io “ mg. weight. 

Accepting Zsigmondy’s value for the minimum size of gold 
nucleus, and taking \’66 X as the weight of an atom 

of hydrogen, it is found that thb nucleus must contain about 
300 atoms of gold. It seen» ^uite probable, then, tltot the 
development nucleus of silver m a grain of a photographic 
plate would be of this order of size. An 3 rway, it must be a 
group of silver atoms confined within a certain limited area, 
and not merely an isolated neutral silver atom. 

If this is the case, then the sensitivity of a silver halide 
grain in an emulsion will depend on the amount of energy 
required to give rise to the necessary group of silver atoms. 
It should be possible to have, say, too neutral silver atoms 
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existing on a grain, spread uniformly over its surface irt; rela* 
tively large tUstahces apart, without the grain being develop* 
able by a given developer ; but if these loo atoms were gtoupra 
together in one cluster in one particular part of the lattice 
surface, the grain would then be developable. 

It has been pointed out earlier in this paper that on pro- 
longed action of certain chemical reagents the image obtained 
on development reaches a maximum density and then decreases 
with further treatment. That is, reversal sets in, comparable 
with that observed when exposure is to light. In the case 
of hydrogen peroxide, at any rate, some workers have taken 
this as strong evidence that the action of peroxide is due to 
evolution of radiation of the same nature as light. Recent 
experiments, however, have shown that reversal due to per- 
oxide and sodium arsenite is quite different in origin from that 
due to light. 

Peroxide and arsenite have been found to exhibit a dis- 
persing or peptising action on the latent image, and it is ex- 
tremely probable that reversal of the image on prolonged 
exposure to peroxide or arsenite is due to peptisation of the 
nucleus material formed during the first stages of the action. 
Developability will increase as long as the rate of formation 
of nuclei exceeds the velocity with which they are removed ; 
but if, owing to the presence of a limited amount of material 
capable of forming nuclei, the rate of destruction exceeds that 
of formation, reversal will set in. 

It appears that in the reversal region, at any rate, the 
analogy between the actions of peroxide ;and arsenite and of 
light breaks down, unless it can be shown either that light itself 
exerts a dispersing action on the latent imag^, or else that it 
gives rise in the plate to something of a chemical nature which 
can perform the same function. Light has in certain cases 
been shown capable of dispersing solids in contact with Uquid 
media such as alcohol or water, but on the other hand it is 
also known to produce a coagulating effect on colloidal particles, 
so that it is not clear without direct experiment what result 
could be expected. A number of experiments have been carried 
out recently, however,* which indicate that light itself does 
not disperse the latent image in a photographic plate, neither 
does it indirectly bring about such a dispersion by intermediaCe 
formation of peptising agents. The presence of the latent, 
image alone is a sufficient condition for reversal by such fogging 
agents as hydrogen peroxide and sodium arsenite, whereas in 
the case of reversal by light, the presence of the silver halids 
in cbnjimction with the latent image is necessary. 

It has been pointed out that it seems probable the sensitive 
* Pkot. Attgntt 1934. 
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materinl which functions in eitposure of a plate to lijg;ht is the 
same as that which reacts to give development nuclei on treat- 
noent with fogginp' agents. If this wore so , it would be expected 
t^t a S3rstematu: classification of all the chemical reagents 
which can bring about plate develo^bility should give some 
indication as to the nature of sensitivity and of the material 
to which it is due. Attempts at classification, however, based 
on grouping the substances according to their chemical types, 
have failed. It was pointed out some years ago by Schaum,* 
who attempted a classification, that plates are made develop- 
able by so many chemical reagents that it is easier to consider 
the inactive substances than those which affect the plate. 
This statement is rather too sweeping, although there seems 
to be no class of chemical reagent which is incapable of exerting 
some effect. 

Let us consider some of the difficulties of classification. A 
first glance over the list of fogging agents reveals a number of 
very active substances which are all mild reducing agents. 
These are sodium arsenite, stannous chloride, sodium hypo- 
phosphite, and diluted metol-quinol developer. Without further 
inspection it might be concluded that this indicated that the 
sensitive material was of such a nature that it was reduced by 
a mild chemical reducing agent. Examination, however, also 
reveals the fact that nitric acid, sulphuric acid, and solutions 
of persulphates give the same effect as the mild reducers. This 
would require the sensitive material to be readily oxidised, so 
giving the same products as are obtained by reduction — a very 
improbable result. There are numerous other reactions which 
bring about formation of a latent image which also indicate 
an oxidising action, but the evidence is so conflicting and the 
types of fogging agents so diverse that it is impossible to ascer- 
tam the chemical nature of sensitivity from a study of them. 

It is conceivable that different fogging agents could act 
in different manners in giving rise to the developability of a 
plate, but this is not readily intelligible^ since the results obtained 
are all similar to one another. Ako it must be borne in mind 
. that any explanation which applies to the action of fogging 
agents will in all probability have to apply to the action of 
light as well. The suggestion occurs that chemical reagents 
could possifaJy make the silver halide grains developable by 
undoing in some way the protective action of the gelatin, 
but it is not clear from this why grains most sensitive to light 
slmukl also be most sensitive to fogging agents, unless the 
action of light is to break down the protective action of the 
flelatin. Goitain workers have su^ested that the action of 
on the plate is to burst a sheath of gelatin which surrounds 
> Z. wiss. Phot., 1904, 8, aoj. 
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the grains, but the evidence supplied is very frail, wherras 
evidence is strong that absorption of light by the silver hahde 
itself plays the major part in latent-image fonnation, indicating 
that developability b due to action in the g^in and not on the 
adsorbed gelatin. 

A study of pseudo-photographic actions has thus been of 
considerable value in modifying our views of the nature of 
the sensitiveness to light of a photog^phic emulsion, although 
the actual cause of sensitivity is still very obscure, and 
only be ascertained by careful and systematic study of emubion 
manufacture under precisely defined conditions. The chief 
stumbling-block is the gelatin, that material of indefinite and 
variable composition, the use of which is essential for the 
preparation of emubions of high speed coupled with other 
suitable properties. 
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Bv E. V. COWDRY, M.D. 

RockifMer Institute for Medical Research, New York 

The action of the State Department in taking the leadership 
in makii^ treaties and agreements regarding oriental matters, 
compared with its reluctance to become concerned with 
European affairs, is significant. It means, fundamentally, 
that we are faced by a great task, which we may not side-step, 
namely, to find some friendly method of adjustment between 
the teeming millions of the Orient and the less densely populated 
Occident. Those who live along the Pacific coast of North 
America, in the Hawaiian Islands, in Australia, in South 
Africa, and in other places where the two civilisations are in 
sufficiently close contact to lead to competition appreciate the 
seriousness of the problem. Already it has been brought to 
thdr attention by riots and by bloodshed. Coincident with 
thb realisation, and to some extent because of it, there is 
developing in our minds a keen interest in the Far East not 
shared by our forefathers. But the Chinese, who will dominate 
in the Orient, study much more carefully our civilisation than 
we do theirs. If reason is to be the order of the day, and we 
ace not to enter the negotiations blindfolded, more knowledge 
we must have. Information of all kinds we need. Not the 
teast important is a sympathetic understanding — as far as is 
possible — of the influences which have shaped the development 
of Chinese culture. 

This may be approached from several angles, but for us 
in medicine a valuaole point of departure is afforded by the 
dear and searching account given by Garrison and Streeter * 
of the interdependence of art and medidne in Europe. When 
we turn to the Chinese, with the data which these authors have 
supplied concerning the evolution of Western medidne, we 
find that nature has p^ormed a gigantic experiment by 
irirtue of which entirely different conditions have been imposed 

* Ostrison, F. H., and Streetw, E. C., ''Sculpture and Painting as Modes 
ef Anatomical lllnstration," printed as an appendix to Choulont's History 
amd a^Mography cf Anatomie Illustration (The University of Chicago Press. 
S9Ml. 
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upon a very gifted race. These conditions have produced in 
China results which it may be interesting to pass briefly in 
review because it is possible that they may afford side>lwhtB 
upon the development of medical science in both the East 
and the West which might not be so readily detected by con- 
sidering each separately. Since " Medicine is the motho* of 
sciences " ^ and the sciences are themselves the framework of 
civilisation, a discussion of this kind may be rationalised as 
a part of the larger problem before us. 

I. Association between Art and Medicine in Europe 

It will be helpful, before entering upon a discussion of 
conditions in China, to recall the fact that in the West, at a 
very early date, a tendency manifested itself in favour of 
reaUsm in the accurate portrayal of the body. For the Greeks, 
nudity was a “ festal costume " upheld by tradition and 
sanctioned by the State. The human body, moulded in the 
imi^e of the gods, was for them a creation of divine beauty 
to the study of which many of them gladly devoted their lives 
as artists, professional gymnasts, and physicians. At the 
Ol3rmpic Games, before the eyes of the whole nation, a premium 
was placed upon good physical development. Sudhoff * aptly 
remarks that, for the first time in the history of civilisa^on, 
and to an extent never again approached, universal traiiung 
was adopted " with a view to the harmonious development 
of all the physical faculties, and to the attainment of the 
greatest measure of strength, dexterity, and self-confidence, 
of physical perfection and beauty.” 

The consequences in Europe were many and far-reaching. 
The Greek artists and their Italian successors of the Renaissance 
were men of keen perceptions, who, not content with supc^- 
dalities, delved deeply into the hidden mysteries of our bodily 
organisation. We owe more of our civilisation to Giotto, 
Donatello, and their followers than we are wont to acknow- 
ledge. We read that ” . . . the smallest mortuary chamber, 
cubicle, or side-chapel in the charnel-house sufficed the artist — 
a cellar, a burial-pit — ^it mattered not. . . • They acted as 

the standard-bearm of the medical profession, and so profound 
became their learning that the great Vesalius permitted himseff 
to exclaim : 

” As for those painters and sculptors who flocked about 
me at my dissections I never allowed mlyself to get worked 
up about them to the point of feeling that I was less favoured 
than these men, for all their superior airs.” 

* Welch, W. H., Colhettd Paptrs »nd Adirtiut, 1930, vol. Ui, p. 86. 

* Sudhoff, Karl, Ann. Med, Hist., 1918, vol. i, p. iii. 

* CaxTimt and Streeter, ibid. 
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This growing together of art and media ne was not a 
chance affair, but developed into a definite business relation- 
ship; It is significant, as noted by Garrison and Streeter, 
that the painters became early (a.d. 1303) incorporated vrith 
the great Guild of Physicians and Apothecaries.”* " Being 
behmden for their supplies of pigments to the apothecaries 
and their agents in foreign lands.” “ This guild relation- 
ship endured for more than two and a half centuries, furnish- 
ing innumerable points of magnetic contact between science 
and art.” 

The artists of the Renaissance opened the road to progress 
in still another way. By decorating cathedrals and basilicas 
with beautiful paintings throughout the length and breadth 
of the land, they secured the good-will, and in some cases the 
tacit consent of the Church to the practice of human dissection 
upon which their art depended. What might have been 
organised opposition on the part of the all-powerful Church 
of Rome they converted for a time into a kind of passive 
acquiescence, except when the clergy were forced into action 
by the fiery eloquence of Savonarola and during other periods 
of reaction. 

In reference to the supreme masters, Leonardo, Michel- 
ai^lo, and Raphael, we cannot do better than quote the 
words of Garrison and Streeter as follows : 

*' What ardours and endurances for science, what trials in 
the fiery furnace, had these three not passed through — Leonardo 
in particular 1 Florentines well remembered how, in the year 
1505, the city had gone into entire submission before Leonardo’s 
divinely drawn cartoon for ' The Battle of the Standard,’ 
and the competing cartoon by Michelangelo, ‘ The Surprise, 
by the Pisans, of Florentine Soldiers bathing in the /&no.’ 
“ One of these cartoons was placed in the Medici Palace and 
one in the Pope’s Hall ; and while they could be seen there 
they were the school of all the world,” wrote Benvenuto 
^luni. ” So decisive was the display, by these establishers 
of dissection, that there was no room henceforth for faulty 
drawing of the nude figure in action.” 

The steady income of accurate information thus secured 
regarding the human body has been most liberating. It has 
been l^ely responsible for the gradual exit of dogma and 
superstition, and has paved the way for the doctrine of 
evolution. It has enabled us more correctly to orient our- 
selves in the universe about us, and has stimulated clear 
thinking and with it the desire to find out things for our- 
selves — for experimentation — ^which stands at the root of the 

* La Son*. I’Atit d»i Mtdiei, SptciaH t Mwciai (Molfetta, X907). . S. 
Stsaky, Gtrikb 0/ Florntet (London : llethuen). 
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develop>ment of the natural sciences.^ The action of the 
artists in constantly holding up before the people the betoty 
of the healthy human form as an ideal worthy of great eEbrt 
to attain has» we believe, exercised a profound influence in 
the development of medical science. 

II. Divergence of Art and Medicine in China and some 
OF ITS Consequences 

But in China it has been quite otherwise. Pictorial art 
developed gradually in the form of line-drawings closely related 
to writing (itself of ideographic origin), in fact somewhat as 
graphic fables. "Not to represent facts, but to surest a 
poetic idea (often perfumed, so to speak, with the reminiscence 
of some actual poem) has ever been the Chinese artists' aim." * 
Many artists were great scholars, and many of the scholars 
were experts in calligraphy and painters of repute (as, for 
example, was the poet Tu Fu,* so that a close association 
between art and philosophy was inevitable ; but at no point 
was there any vivifying and mutually helpful point of contact 
between art and science. 

Fostered by an imperial court, which outshone Greece and 
Rome in splendour and magnificence, and which created an 
eager market for their talents, the naturally gifted Chinese 
artists achieved wonderful success in painting, in bronzes, 
and in ceramics. But they did not turn their attention to 
sculpture except as a means of demonstrating their technique 
and digital skill, choosing for materials jade and other sub- 
stances extremely difficult to work with, and revelling in 
intricacy of detail and bizarre effects, to the sacrifice of realism 
and accuracy. According to Holmes 

" With a passion unmatched in Europe till Wordsworth's 
day, the Sung artists portrayed their delight in mountains, 
mists, plunging torrents, the flight of wild geese from reed- 
beds, the moonlit reveries of sages in forest solitudes, the 
fisherman in his boat on lake or stream. To them also, steeped 
in the Zen philosophy of contemplation, a flowering branch 
was no mere subject for a decorative study, but a symbol 
of the infinite life of nature. A mere hint to the spectators 

* Astronomy and the *' exact sdenoes " may have developed along a 
sUghtty di&rent path, through the observation oi inanimate nature, the laws 
governing fa^g bodies, the swing of the pendulum, etc. : but, like the 
" natural s^nces," they were undoubtedly fostered by a similar spirit of 
inquiry, 

t H6lmes, C. J., '* Chinese Art,*’ Sneyehpmiia Britanniea, xitheditioa, 
vol. vi, pp. ai3-i6 (xpio). 

* Cranmer-Byng, L., A Luis of Jods (London : John Murray, xpiy). 



ART AND MEDICINE IN CHINA 279 

is oll^n all that they rely upon ; proof of the singular fulness 
and reality of the culture of the nme. The art of suggestion 
was. never carried further.” 

Ma Yuan, Hsia Kuei, and the Emperor Hwei-tsung were 
the acknowledged leaders of this particular school. The 
powerful combination thus effected of art, literature, and philo- 
sophy, under the patronage of the ” Son of Heaven ” himself, 
fortined a national ideal that had been slowly forming for 
many years, which, in its meditative aspect and in its detach- 
ment from worldly affairs, was not, we may suppose, displeasing 
to the Taoist and Confucian priests, if indeed they appreciated 
the trend of events. Unfortunately, the movement gained 
momentum, became irresistible, and created the impression 
that the body is of no importance, that it is something to be 
hidden, of which almost to be ashamed * — a point of view 
which also fell in line with the teachings of the followers of 
Buddha. Thus a strong and robust constitution, with the 
suggestion of ph3rsical brute force, came to be considered to 
be inconsistent with the profession of a scholar and a gentle- 
man. So that, to this day, Chinese students are apt to cul- 
tivate a studious droop of the shoulders and to wear spectacles 
fitted with plain glass merely to create the impression of 
learning. 

This unconscious emphasis, by those who shaped the 
opinion of the nation, upon the rigid Confucian code of behaviour 
and the subordination of the body and all its concerns is 
exemplified by two practices which would be revolting to the 
senses of a people imbued with a realisation of the beauty 
of the human form. 

For many years young girls have been made to suffer 
agonies during the growing period when their feet are tightly 
bound to keep them small and to produce a dainty, pointed 
shape. It is said that in some districts the sufferers are kept 
in out-houses so that their cries will not break in upon the 
” monumental calm ” of the rest of the household. But I 
have been unable to verify this statement. The economic 
loss to the nation of having a large proportion of the population 
crippled for life is considerable. And this is not the whole 
story, because the impossibility of taking adequate exercise 
has had a most debilitating effect. Fortunately neither the 
Manchus nor the MongoU have adopted the custom, but 

* Qifaien phyBidan* presoribiag for women axe rarely, if ever, permitted 
to make physical examinations, or even to see the patients. In some cases 
ifaooording to Juliet Biedon) they are allowed to feel the pulse at the wrist, 
upon the variations in which they place great store, or they may mabs 
use of a Uttla statuette, about six inches in length, u^n whidi the sufieter 
narks the location of her troutde. 
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numerically they are greatly in the minority. The pity of it 
is that, in spite of the efforts of “ Young China,” this mutilation 
is being continued, except in a very few localities where foreim 
influence has been felt for a century or more. No thougnt 
seems to be given by the Chinese to the crumpled and distorted 
bones, within the silken slippers. Another practice, but one 
less familiar to Westerners, and possibly less serious in its 
effects, consists of tightly binding the breasts of girls before 
marriage with a view to giving the body a straight, up-and- 
down appearance. 

What appears to us unsightly in limbs curiously warp^ 
and misshapen by inhuman toil, and in the parade of dis- 
figuring diseases through the streets, makes apparently no 
impression upon the esthetic senses of the Chinese, at least 
no impression sufficient to arouse in them an impelling desire 
to change the conditions which bring about these wrecks of 
humanity. For their own sake they will throw a few coppers, 
thereby taking merit unto themselves and lending to bodily 
deformities a definite monetary value.* 

The physicians, hedged in by a modus vivendi which frowns 
upon any innovation tending to disturb the status quo, do not 
feel called upon to defy all conventions in order to advance 
their science. Instead they follow the path of least resistance, 
doubtless believing that in the end the good will prevail, and 
content themselves with but few observations, made under 
peculiar and interesting conditions. 

For instance, we read in Hsieh’s Review of Ancient Chineie 
Anatomy,* that Liang Shao Pao in a.d. 960, ” sent his medical 
oflicer with an artist to make pictures during an execution of 
thieves, probably by the rather slow slicing process ” ; and, 
again, that in the days of Chia Ching, a.d. 1796, a terrible 
epidemic raged among the children in the town of Chang Li 
Hsien, and many died. A certain magistrate, named Wa^g 
Chui Jen, visited the public cemetery and found that, since 
the children were buried in very shallow graves, the 'hungry 
dc^ were able to uncover the bodies and devour them. Wang’s 
curiosity was so stimulated that he went daily to the cemetory 
and observed over thirty complete bodies dismembered by 
the dogs. He was thus enabled to test out old theories and 
to make impentant new observations which formed the ba^ 
for his book, which he called A Correction of Faults in Medidtte. 
What a contrast between this dignified old mandarin who 
stood aloof in his silken robes waiting for the dogs to help 

* To loowB up the donations a touch of groesomeneas is sometimes added 
hy the use of a liberal supply of chicken’s blood, as described by Doctor We 
lien Teh (tfetional Jtfsd. /. of Ckimt, 1920, vol. vi). 

* Ksieh. B. T., Amu, See., 1921, vol. xx, p. 97. 
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htm» pud contemporary artists and doctors in Europe who 
had {ittch a thirst for knowledge that they spent night and 
day dissAct^ with their own hands, and did not scruple to 
resort to. the dangerous practice of '* body-snatching ’* in order 
to secure an abundance of material 1 * 

If Ma Yuan, Hsia Kuei, and the Emperor Hwei-tsung had 
lived a few years later and could have visited the town on 
the Arno, as Marco Polo visited the court at Pekini;, It is 
possible that, while with true oriental courtesy admirii^ the 

K erfection of technique of the Florentines, in their heart of 
earts they might have felt the subjects ill-chosen and might 
have looked in vain for the colourful imagery and the poetic 
suggestiveness which they themselves knew so well how to 
convey.* Certainly the palaces of the Medici and thO ruins 
of Imperial Rome would have seemed to these Sung masters 
rather small and commonplace as compared with their native 
China, A world of difference existed between their motif and 
inspiration and that of the leaders in Italian art. If it were 
not so the human body might not still remain for their coun- 
trjmnen a citadel of superstition and dread which few have 
attempted to storm by direct observation, and in consequence 
of which the whole realm of living things, with rare exceptions, 
might not for them still be peopled with all manner of spirits 
and ghostly influences.* 

We find ourselves in agreement with His Excellency Li 
Yuan-hung, Ex-President of China, in his statement that 
" . . . dissection in anatomy alone has removed a great super- 
stition regarding the dead, and thus opened the highway to 
scientific progress,”* only, in our opinion, a change for the 
better has hardly yet set in. China is held back by a combina- 

* In reference to the town of Tenghsien, visited in 1923 (?), Harry A. 
fleank writes as follows : " Sometimes Tenghsien buries its children, liks 
tllbse of its paupers who do not . belong to the beggars’ guild, in such shallow, 
careless graves that the dogs habituaUy dig them up again. 'These surly 
Ivntes sat licking their chops here and there on the outskirts of the town, 
among discoloured rags of what had once been cotton-padded clothing 
scattered about little mussed-up holes in the Kround." — fVaiMferitig «« 
northern China, p. 303 (The Century Co., New York, 1923}. 

* When Lord h£acartney came to Peking “bringing with him several 
pictures as presents from G^rge III, the mandarins in waiting were shocked 
oy the- shadows, and they gravely asked if the originals of the portraits really 
hiul one side of the face darker than the other : the shaded nose was a grave 
defect in their eyes, and some of them believed that it had come there acd- 
dentslly.” — Quoted from Juliet Bredon, original in Busbell's Chineu Art 
BenMooh, 

* To this day a “ modem Chinese anatomist “ will discourse upon whethar 
or not the heart contains any blood, not troubling to look for himself (John 
Snf^feon, National Med. J. of China, 2919, vol. v. p. 30). 

* Ad<toess to the students of the Peking Union Medical College, Septeaber 

»W. 
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tion of drcunistances, some of which, however, 
twined and related, as we have attempted to indicate. Alinibhar 
consequence of the fact that medicine has been aUowiied to 
persist in China in a very primitive state without ahy Support 
from other branches of learning is that its practice has ttever 
come to be considered a worth-while profession, so ttuch 
so that one of the most serious problems faced by Clnxiese 
educators and by the China Medical Board of the Rockefeller 
Foundation is to create an tsprit de corps, and to demonstrate 
that the art of healing is in fact a lofty calling capable of 
appealing to man’s highest ideals. The reluctance of yming 
men to come forward and to avail themselves of the oppor- 
tunities offered in their own institutions as well as by foreigners 
in China has been so marked as to elicit editorial comment in 
the China Medical Journal. Professor Dewey has said, with 
reason, that we are faced by the task of “ the transformation 
of the mind of China,” the term ” transformation ” beit^ used 
in a constructive, not a destructive, sense. 

By contrast it is fairly safe to assume that one of the forces 
which lent dignity to the profession in Europe was this early 
association, which we have mentioned, between medicine and 
art. In this connection it is interesting to recall * that, in 
September 1276, the Conclave of Cardinals unanimoisly 
elected one, Petrus Hispanus, a Portuguese physician, to the 
highest office in Christendom, that of Pope, and that he served 
successfully under the name of John XXI as representative of 
God on earth and aa the keeper of the ke)rs of heaven. It 
was thb same John XXI who received delegates from Kublai 
Khan. He was a fellow student with Roger Bacon. 
Cardinals may have been governed by diplomacy in selecting 
a Pope who was neither Italian nor French, but it is certain 
that his training in medicine did not stand in his way. In 
China, to appoint a member of the lowly and rather despis^ 
cult of medicine to serve as Emperor or *' Son of Heaven ** 
would have been sacrilege unthinluble. 

III. Some Factors which may underlie this Divergence 

It is significant in this discussion of art and medicine in 
China that one naturally drifts into the use of the present 
tense. It means that to this day there has been comparadvdy 
little chai^ in the point of view and ideals of the genenu 
mass of the people. The same inhibiting factors are in force 
that were evident thousands of years am. Indeed it is this 
immutability and inertia which the Chinese point to as a 

* Rieaman, David, *' A Physician in the Papal Chair," Am. Af« 4 . Hiti., 
1924, vol. V, pp. 291-300, 
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cliMliiibteristic of their civilisation. Th^ take pride in the 
knowdlfedge that their culture and their race have stood firm 
duriqi; the rise and fall of the Roman Empire, and have absorbed 
and itaimilated many a foreign invasion. But why, in all this 
time^ has there been so little progress in the direction taken 
in the West? 

We have indicated several circumstances which may have, 
among others, tended to retard the development of the natural 
sciences — hence we cannot agree entirely with Bertrand 
Russell that the Chinese civilisation “ never contained anjrthing 
hostile to science ” • — but these influences are merely the 
results of their attitude toward life, which, in turn, is dependent 
upon elusive and fundamental forces which must have taken 
their origin before the country became densely populated, and 
many centuries prior to the introduction of Buddhism. 

The Chinese discovered coal, made glass and several metallic 
alloys, constructed compasses, manufactured paper, and per- 
fected printing at an early date, but they failed in large measure 
to profit by these instruments for advance. Mention may 
also be made of the vexed question of the discovery of gun- 
powder. More than 1,500 years ago massage was recognised 
as a therapeutic measure, i ,200 years ago inoculation for small- 
pox was initiated, and as early as the seventh century a.d. 
sheep’s thyroids were administered for cretinism • ; but no 
discoveries in medicine or in the allied sciences were pushed 
to their logical conclusion. How phenomenal that this nation, 
composed of individuals endowed with intellectual powers of 
so high a standard, should remain impassive and apparently 
ttidnterested 1 

It is not to be expected that an explanation will be found 
in one factor or in any group of factors. Even to 'approach 
snbh a problem is difficult, to project ourselves into the remote 
psst, imperfectly recorded, of a civilisation so divergent from 
om own and accurately to evaluate influences then at work 
is almost beyond us. As Juliet Bredon has said, " We can more 
easily im^ne ourselves taking afternoon tea with Lorenzo 
tfce Magnificent, or even with Oasar Borgia, than with Yung 
Lbh or Chien Lung.” * We are inclined to consider China a 
Vast museum of surpassing interest, because its contemplation 
li^ves us momentary release from the rather feverish excitement 
of our twentieth-century routine. We are led unconsciously 
to look for the unusual, and thus perhaps to be a little narrow 

. > Rmsell, Bertrand, Tht Problem of China (The Century Company, 
Ifew York, 1933). 

. * Hume, E. H., '* The Contributions of China to the Sdenoe and Art of 
ICtdteiaa,*’ Seienee, 1924, vol. lix, p. 345. 

* Bredon, Juliet, Peking (Kelly and Walsh, Ltd., Shanghai, 1930), p, ita. 
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in our point of view, and to gloss over influences wli^ are 
not new to us and which may operate in the developmiligBt of 
all civilisations. We are faced by a mass of contra^lctoiy 
evidence, generalisations are extremely difiicult to est^UsIi 
without innumerable qualifications, and the more we knoiy of 
China the less safe do they appear, so that we may attempt 
to synthesise only .warily and with caution, each person naturally 
emphasising data concerning which he is least ignorant, lor it 
is ml a question of degree of ignorance among foreigners. 

In this brief discussion we shall have to limit ourselves 
first to hypothetical internal forces, like the endocrines, and 
then pass to external influences, of which the environment is 
the most important and the simplest to consider. 

We owe to Sir Arthur Keith the suggestion that variations 
in the glands of internal secretion are important, if little known, 
factors in shaping the trend of differentiation.* To a reduction 
or alteration in the activity of the thyroid gland he attributes 
the arrest in the growth of Mongols ” (under which heading 
he includes the Chinese) which is manifested in the insal 
parts of the skull, *' with the result that the root of the nose 
appears to be flattened and drawn backward between the 
eyes, the upper forehead appears projecting or bulgii^, the 
face appears flattened, and the bony scaffolding of the nose . . . 
is greatly reduced.” Common experience telk us that in 
Europeans we meet with a different series of characteristics. 
” The sharp and pronounced nasalisation of the face, the 
tendency to strong eyebrow ridges, the prominent chin, the 
tendency to bulk of body and height of stature,” are, in Ms 
opinion, indicative of a relatively high rate of pituitary activity. 
Sir Arthur Keith also explains the relatively beardless fia^ 
and the tendency to an almost completely hairless body of the 
Mongol as a manifestation of abeyance on the part of the 
interstitial glands. He believes that ” we Europeans owe the 
fairness of our skins to some peculiar virtue resident in the 
suprarenal bodies.” But he does not dwell upon the influence 
of the endocrines in. moulding the temperament of individuals 
and of races, although behaviour can only be interpreted as 
an outward and visible sign of an inward and phjraiologioil 
mechanism. 

It is a seductive line of thought that relative hypofunctiom 
(if we may use this term) of the thyroid, pituitary, and inteiw 
stitial glands may explain the restfulness and complacem^ 
amounting almost to apathy sometimes noticeable in the 

* Keith, Sir A., ” The part played tw the Endocrine Glands in the Evehi* 
tion of Man,*' Lemcet, 1931, vol. zi, p, 588. “ The Evolution of Human Hmos 
in the light of Hormone Theory,'*^ /oAnr Hopkins Hospital BnUstin, 
vol. zxxiii, pp. 153, 195> uid earlier papers. 
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l»ut we dare not rely too firmly upon this theory in 
firaimagj^y tentative explanation of the facts before us until 
we can itearn more of the actual physiology of the glands at 
the {Htaent time, and this will not be a simple matter. Our 
best laboratory tests are only qualified to reveal pronounced 
variations in activity, so that wholly negative observations 
would not preclude the possibility that we are faced by rela- 
tively slight variations which manifest themselves only after 
action through thousands of years.* But, granting that these 
differences existed long enough in the past to produce ph^ical 
(and mental?) characteristics which have become hereditary, 
though the exciting causes may have since disappeared or may 
still persist and be operative to-day, the question remains as 
to how they arose in the first place. Anthropological evidence 
tending to show that the Chinese have noticeably chained 
during the historic period is wholly lacking. 

Lrt us turn now to the environment. We cannot but 
regard man as an animal gradually becoming social, a creature 
of his surroundings, blessed or cursed by the operation of 
little-known hereditary laws. This environment is directive, 
probably more so than the endocrines and perhaps fundamental 
to variations in them. Our outlook upon evolution is changing. 
It is possible to discern in the founding of departments of 
g^<^;nmhy in one after another of our leading institutions a 
sign of the times, indicating that we are destined to hear much 
more about the influence of the geographic features of our 
surrofindings upon the differentiation of national and personal 
traits.* But environment is not all-embracing. The problem 
is osmplex, and we gain nothing by minimising it. While 
the mechanism of hereditary differentiation in the simplest 
airinwls, with which we may experiment at will, remains so 
obsenre, how can we expect to make any progress with man 1 
In order even to orient ourselves we must gain a little appre- 
ciation of the trend of recent developments in endocrinology, 
in gtmnaphy, and in genetics, as well as in the older sciences 
of ohthropology and sodology. 

tn this paper we may not attempt more than to stress the 
environmental factor by trying to reconstruct the conditions 
in liastern Asia during the formative period of Chinese character, 
thiti is to say, before and during the Shang dynasty (1766-1 laa 
It may be difficult for us to share Elliot Smith's opinion 

* We have accurate data to the efiect that the aygtoUc blood prewure of 
Odiieae is lower than the normal for people in Europe and America, 
aad itt is suggested that on$ factor may be defidmcy in the suprarenal and 
othitlmrtiiones (Cadbury, W. W., vfreS. Int. Mtd., 1922, vol. xxx, p, 363). 
*'fbr a detailed discussion of the “Cliinate and Evolution," see W. D. 
Am. Nim York Aeai. Sef., 1915, 84 t p. 17s ; and Hervy W. Shimer , 
SMMief,, 1924. SB, 199- 

19 
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(as applied to China) that there is sufficient infoApition to 
justify the conclusion that many of the fundamental concept 
tions of Indian, Chinese, and Japanese civilisation wens planted 
in their respective countries by the great cultural wave which 
set out from the African coast not long before the sixth centiuy 
B.c." ^ In fact, the evidence at hand seems to point to the 
opposite conclusion, namely, that Chinese civilisation is almost 
wholly of endogenous origin. 

Elliot Smith is an exponent of the theory of “ convection ” 
according to which culture is thought to have spread from a 
common centre (Egypt). The opposite idea of *' convergence,” 
that primitive races tend by the observation of similar natural 
forces to develop similar ideas, is expressed by Garrison * in 
regard to medicine, and by Chavannes * in respect to Chinese 
art. The difference between the points of view is one of 
degree of interpretation only, because differentiation must 
necessarily proceed in both ways. But the date of the cultural 
wave described by Elliot Smith is perhaps too recent to have 
been really effective in China, impinging upon a race already 
far advanced in philosophic thought. Confucius, living between 
551 and 479 B.C., described himself as ” a transmitter, not a 
maker, one who loved and believed in the ancients.” The 
legendary figure Lao Tzu looms up at a still earlier penod, but 
at a time when there is every reason to believe that the people 
had already developed their distinctive temperamental charac* 
teristics.^ It is true that a few isolated traces of contact 
with Egypt remain to us. For example, certain rock carving 
in Shantung caves are mentioned by Fenollosa.* Giles * refers 
to some old sculptures collected for a mausoleum by t^e Wu 
family in a.d. 147, which are still the subject of controversy. 
Douglas feels that they show unmistakable Eg3rptian iiffiuence 
which, however, Paleologue and Chavannes deny (Giles, p. 12). 
Tiraces of Egyptian influence are mentioned by Barbeaeux,' 

' Elliot Smith, G., The Influence of Ancient Egyptian Civilisation in . the 
East and in America (Manchester : The University IVess, 1916). 

* Garrison, Fielding H., An Introduction to the History of Mwdieitu 
(Philadelphia: W. B. Sunders Co., 1917). 

* Chavannes, £douard, Les Mimoires Historiques de Se-Ma Ts'ion. 
(Paris : Ernest Leroux, 1895). 

* The first date in Chinese history which may be definitely oonfiMsed 
with ours is that of a solar eclipse observed in both the East and tbe^eSt 
in 776 B.C. (Hirth, F., Ancient History of China. Columbia UniiMitity 
Press : 191X). 

* Fenollosa. E. F., Epochs of Chinese and Japanese Art (New Yefk: 
F. A. Stolces, Co., 1913-) 

* Giles, H. A., An Introduction to the History of Chinese Pictoeial Art 
(Shancrhai : Kelly and Walah. xqi8). 

* Barbesieux, G., Contribution d P^tude de t'Histoire de la Upre dpatW, 
19x4. P. X9). 
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Be Zw^tan,^ and others. And I have myself reported some 
anatond^l diagrams possibly of Egyptian origin.' According 
to Cori^er,* references may be found to the Chinese in the 
wtitii^- of Virgil and Horace. A scholarly treatise dealing 
with the relations between Rome and China was published 
some thirty-nine years ago by Hirth.* But the most fascinating 
and realistic description of the reaching out of the Chinese 
toward the West over the great central Asian plateau is given 
by Mervin.* It is based upon the trade in Chinese silks, 
which apparently assumed considerable proportions in the 
Han dynasty, and it is cast in the form of an historic romance. 
In succeeding centuries China expanded a little further under 
the T’angs, but soon withdrew into herself and lost effective 
touch with Europe, so that the contact with the West was 
merely ephemeral, confined only to very small minorities, and 
wholly insufficient to noticeably modify the separate evolution 
of civilisation in the Orient and the Occident. 

The Shang dynasty is so remote that we have no historical 
records to g^de us, because authentic history in China does 
not compare in completeness with that in Egypt, but it is safe 
to assume that the population could not have been dense in 
the sense that we see it now, so that Professor Dewey’s explana- 
tion of Chinese behaviour in terms of the “ psychology of a 
crowd ” could not then have been operative, and probably he did 
not intend to apply his theory to that period. The explanation 
presupposes a complex and stable social organisation in which 
wy action of an individual tending to cause a wholesale read- 
justment is frowned upon and discouraged. But with steady 
increases in number of a race famed for its fecundity, this 
group sentiment in all probability became a powerful factor in 
creal^g a conservatism more rigid year after year, and tending 
ever,. more and more to fix and perpetuate any tendencies 
tawn^ their origin ' at an earlier time. That cultural and 
artifmc ideals did become ingrained in Chinese culture very 
earW is clearly illustrated by the wonderfully graceful sloping 
roo^ of Chinese architecture which have since undergone 
littlb if any modification, and are said to be reminiscent of the 
tei^ of a people who lived in the open, and who had not yet 
developed a community life in cities. The magnificent bronzes 
in the museum of the Forbidden City in Peking were conceived 
ap 4 nmde a little later, during the Chou dynasty, and have 

‘ de Zwann, J. P. Kletnw«g, Nat. Varh. v. d, HoUandsche Maatsc, d. 
WataiUeM. t. Haarlem, deede Vers., 1917, p. 7. 

<‘ 0 >wdry, E. V., Anat. Record, 1921, jUI, p. i. 

. *'Cordier, Hesri, Histoire Gtairaie de la Chine (Paris). Quoted from 
Wit He ll, Problem of China. 

* Hlxth, China and the Roman Orient (Leipsig and Shanghai, 1885). 

* llervia, Samuel, SUh (New York: Bobbs-metrUl, 1933). 
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served as models for generations of artists who have ngrediioed 
their graceful proportions with slavish accuracy. Ifmsal of 
Osborn’s book on Mm of ih« Old Stone Age,* illustri^ how 
faithfully advances in art reflect the pr<^ess of civilisfl^n. 

Whatever their ultimate origin, it is conceded tikat the 
Chinese * have lived in the valley of the Yellow River for 
thousands of years and have there developed many of their 
temperamental characteristics. It is to he noted, to this 
discussion, that we are using the designation “ Qdnese '* 
advisedly, iii its narrower sense. It is not intended to include 
the Manchus, Mongols, Turki, and Tibetans, who find recog- 
nition in the five-barred flag of the Republic, nor the Miao, the 
Lolos, the Shans, and other small tribes which inhid^t the 
more inaccessible parts of the country. The Chinese them- 
selves have from early times been a relatively homogeneous 
race* feeling quite sufficient unto themselves and shut off 
by great geographical barriers from the rest of the world, 
except to the north, where they built the “ great wall.’* They 
have pursued a policy of isolation, not of intercourse with 
other nations, all of whom they have regarded as bai^rians 
and altogether beneath their notice.* This spirit is illurtrated 
in Chien Lung’s reception of the first British ambassador, sent 
by George III, which reads in part as follows ; 

“ Swa5ring the wide world, I have but one aim in^view, 
namely, to maintain a perfect governance and to fu^ the 
duties of the State ; strange and costly objects do not interest 
me. I . . . have no use for your country's manufactures. . . . 
It behooves you, O King, to respect my sentiments end to 
display even greater devotion and loyalty in future, so that, 
by perpetual submission to our Throne, you may secure ;]ieace 
and prosperity for your country hereafter." * 

Had the Chinese inherited a less secluded land, such ftt the 
valley of the Nile or of the Euphrates, the course of thdr 
history might have been different. In other words, thi teif 
modifiable character which they have shown may be piitly 

* Osborn, H. F., Men of the Old Stone Age (New York ; Charles Scrib- 
ner's Sons, 1918). ? 

* Willians, E. T., " The Origins ol the Chinese," Am.J. Phye. Andglfop., 
vol. i, 1918. Hrdlicka, Ales, " The Anthropology of Asiatic PBoples," Mmet, 
Sup^. China Med. J., July 1930. 

* However, according to SUrokogoroff, the Chinese are a complex olXeinr 
anthropological types (extra volume of the J. North China Branch, 
Asiatic Society, reviewed in Nature, 1934, US, 367). 

* The expansion of the Empire during the ^‘ang dynasty (a.d. OiS'^’foy) 
to the point where it made itself felt as far as the I^ian Gulf was d«e am 
so much to ndlitary aggression on the part of the Chinese, as to the deiMh^ 
ment of trade and commerce, 

* Quoted from Bertrand Russell Original traadhtUon 

is given 1 ^ Baokhcnse and Bland in Anmedtxtf the Ccmrt ^Peking, 
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dtte to lack of insistent outside stimuli for change rather 
thim to ihy intrinsic racial attribute. 

The jpunese have not been blessed with large lakes, inland 
8ea8,. ol*Aisland dependencies, which would foster navigation 
and leatd them directly into conflict with the forces of nature, 
althougfr they are capable of making good sailors, as was shown 
at a latCT date by the achievement of a famous eunuch Admiral 
durii^ the reigns of the Ming Emperors, Yung Loh and Hsuan 
Te, in sailing in command of a fleet of armed junks to India, 
Ceylon, and Arabia, down the African coast to Madagascar, 
and up the Red Sea as far as Jiddah, the port of Mecca.” * 
During the period which we have in mind they were more or 
less completely shut off from the sea by the ‘ wild tribes.' ” 
Much of the land in which they first settled (or from several 
strains became amalgamated into an independent nation) whs 
a large and fertile plain which enjoyed a climate of a very 
unusual continental t}^. In few parts of the world is the 
succession of seasons more regular, the orderliness of nature 
more manifest. Winter is followed by spring, spring by summer, 
with surprising regularity. Under these conditions there may 
have developed (as in India) an idea of the futility of human 
initiative, that the good times and the good seasons would 
come inevitably and of their own accord, that it is not good 
to try to improve upon nature. In the old days, before the 
disappearance of the forests, many of the tributaries of the 
YdloW River must have been streams of crystal clearness. 
It must have been a wonderful land, one flowing with milk 
and honey, one in which nature was so bounteous that com* 
paratfvely little effort was needed to secure, not only the 
necessities, but also the luxuries of life, and one in which 
anode time was given for contemplation — ^an environment 
which would lead to a peculiar placid tolerance, a tolerance of 
reh^bn, of everythii^, except initiative, tending to disturb 
ccMBtotions already so well adjusted.* 

ih surroundings such as these it would be but natural to 
ass^e that the people generally were willing and content to 
ac^pt a policy of non-interference and to drift with the tide 
(ptoticularly if the activity of the three endocrines which 
ws liavtt mentioned was even slightly depressed) ; but we are 
noktobliged to make this postulate concerning the whole race. 
If Pn try to turn back the pa^ of recorded history elsewhere 
we Ibid that great philosophic and religious ideas have not 
Maiiys miginated in the minds of the masses, although their 

. from Jultot Biedon. 

Vi^urtopt the clearest and most searching glimpses into Chinese character 
toNghma JdEr. Somerset Maugham in his essays On the Ckin$s$ Semn (New 
whI: George H. Doran. Co,, tyaa). particularly No. 38, " The Fbilosophec,** 
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maintenance and propagation may be conditioned 1^ the 
receptivity of the people as a whole, or by the efforts <rf a small 
band of disciples. It only requires a single kindling apark in 
the imagination of a great leader. It was certainly so with 
Gautama Buddha, and also to some extent with Mohammed, 
and with the Prophet of Nazareth. In ancient Caldiay we 
know that many philosophic ideas were advanced, but it 
seems clear that the stage was set for the germination of only 
one, and that of a particular kind. Is it any wondor that 
the teaching ascribed to Lao Tzu and his great disdple Chaung- 
Tze calling for a policy of non-interference and stressing the 
fixity of natural laws was hearkened to ? Listen to him in the 
eloquent words of Giles’s ' translation : 

" Leave all things to take their own course, and do not 
interfere. 

" Practise inaction ; occupy yourself with doing nothing. 

“ Keep the mouth shut, close the gatewa3rs of sense, and as 
long as you live you will have no trouble.” 

At the same time he breathed a gospel of kindliness and of 
self-effacement : 

” He who exalts himself does not rise high. 

” He who overcomes others is strong, but he who overcomes 
himself is mightier still. 

“ Good words shall gain you honour in the market-place, 
but good deeds shall gain you friends among men. 

” To the good I would be good ; to the not-good I would 
also be good, in order to make them good. 

” Requite injury with kindliness. 

” What makes a kingdom great is its being like a down- 
flowing river ... or like the female throughout the world, 
who, by quiescence, always overcomes the male. And 
quiescence is a form of humility.” 

In a languorous atmmphere of this kind, steeped in the 
fatalism of the EMt and reinforced by the influence of Budd^sth, 
it is not surprising that discoveries leading in some measure 
to a control of natural forces should have been received ydth 
disarming apathy. In science, as well as in philosophy, jthe 
credit for many advances must be given to far-sighted lea4|m 
usually gifted with strong personaUties, although the lab^itni 
of thousands of more m^est individuals may by no meins 
be ignored, for without them much of the essential groundwork 
could not have been built. From among the immortidS' in 
Western science let us consider Darwin and Pasteur. Darwiii 
was spurred on by the feeling that his theory of evolul^ 
would revolutionise human thought, and by the knowksigs 

> Giles, lionel, Tkt Sayings of Lao Ton, ” Hie Wisdom of the East Sedpa ” 
(London : John Minray, 1917). 
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that: the ayes of the intellectual world were upon him. In 
China, as we picture it, it is doubtful whether his views would 
have elidked any reaction whatsoever in the minds of his 
contempog^aries. Certainly the wind would have been taken 
out of thd sails of his eloquent exponent, Huxley, if none could 
be induc#d to listen. Brilliant minds might well be sapped 
of their hutiative, unnoticed in an unresisting atmosphere of 
complete neglect. In contrast, we cannot but conclude that 
the resistance encountered in the West was in itself highly 
invigorating. Expressed in other words, public opinion was, 
in the East, a narcotic ; in the West, a stimulant. Pasteur 
revealed to our senses a world of microscopic life, and his 
researches acted as an entering wedge destined to remove 
much of the mystery attached to disease. For reasons chiefly 
economic, but also humanitarian, his investigations were fol- 
lowed with eager expectancy by the world at large. He lived 
to triumph in a way which would be incredible for a scientist 
in China. In the careers of many other leading investigators, 
the economic factor has been an important one. I owe to 
Professcn: Overstreet, of the College of the City of New York 
the valuable suggestion that scientific advances were seldom 
made effective in China, but instead were consigned to oblivion, 
or were employed without foresight and purely empirically, 
for the reason that there were no immediate and pressing 
demands for their use by the population as a whole. It may 
thus halve been to some extent a question of supply and demand. 
It is fundamentally this background, upon which Chinese 
medicine is built, with which we are concerned, instead of 
wit4 the intricate details of the medical cult. 

In the countries bordering the Mediterranean different 
races were split up into comparatively small groups by moun- 
tain ifmges and by arid deserts. Their geographical localisa- 
tion liras as beneficial as that of China was inhibitive. They 
were4pread along a littoral circling a great inland sea which 
led lb the development of navigation destined ultimately to 
maki possible the discovery of the New World. This circum- 
stance also facilitated, from very early times, the spread of 
Paul ideas conceived under diverse conditions. The people 
diffpred from one another in language, in customs, and in re- 
hgibn, and there existed between them an intense competition. 
A tess tolerant atmosphere was created at a later date by 
Qiditiaiuty and by Mohammedism. The eastern border of 
the Mediterranean possessed special strate^c advantages in 
the tense that it was the point of intersection of commerce 
ffowipg from three directions, from Africa, Central .^ia, 
ai^ lastly from Europe. To adopt a contemplative, laisseg'- 
pelicgr and to let matters take their own course would 
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have been suicidal. Instead there developed a teliileiicy to 
face things as they are, a love of realism which m art was 
most helpful to the growth of the medical sciences^; Slowly, 
among the Greeks, there evolved ideas of racial hygim of real 
imrortance to humanity. With the gradual increas^iOf inter- 
national trade, it was accordingly, in the West, a ii|j|^litarian 
world, in which discoveries were launched and were employed 
for the advancement of individuals and of nations. 

In his study of Gneh Biology and its Relation to the Rise of 
Modem Biology, Singer ^ remarks that “ if necessity is the 
mother of invention, experience is her father,” and that these 
two, rather than Greek letters and Greek philosophy, were the 
real begetters of the new expmmental method. In China 
we have an example of a nation that needs the blessings 
obtainable by the experimental method more perhaps than 
any other race on earth. She has experienced diseaK in all 
its ghastliness for thousands of years, yet she has learnt almost 
nothing. In her case, therefore, it is competition which, in 
the years to come, may win the laurels of the parenthood of 
invention. It is competition in a national sense wedding the 
country into a unit which will ” move mountains ” ; the 
internal, domestic stru^e for existence is keen and rontcnaeless 
and mi^ht be progressive were it not vitiated by a horor of 
innovations. Perhaps this hesitancy to countemoioe any 
change likely to force a readjustment in living conihtions, 
which we have already touched upon, may in some way be 
linked with the strange persistence through thousands of years 
of a primitive patriarchal form of society in which veneration 
for the habits and deeds of b}^one ancestors is a strong guiding 
principle. Lafeadio Hearn’s * estirnate of the influence of 
ancestor-worship in Japan is almost equally applicate to 
China, where the practice originated. According to this innpuad 
observer, ” not only government, but almost everythi% in 
Japanese society, derives directly or indirectly from>tliis 
ancestor-cult and that in all mattes the dead, rather thai| the 
living, have been the rulers of the nation and the shaped of 
its destinies.” 

Returning to our main thesis, the point of view heMn 
expressed in regard to some of the influences which Hay 
underlie the diver^nce which we have emphasised betaieen 
art and medicine in China may now be summarised. Ibt, 
since it is manifestly beyond our power to envisage the proUlBm 
in its entirety, the following suggestions are merely tenteti^ : 

I Siager, Ctaarles, SimtUs in the Hitlory and Method of Soienen vsl. i 
(Qndatd : Oueaitoa Pcom, 1921). 

* Lafeadio Heani, Ja^n: An Interpretation (New York: rimamt srtd 
I>wilap, 1904). 
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(i ) Ifhat geograi^c conditions at the time when the Chinese 
first i^led in the valley of the Yellow River will bear careful 
scrtttii^ as possible factors in the development of a philosophy 
of not^ntenerence. 

(a) That this attitude became deeply rooted in the national 
consamisness, not on account of any inherent racial resistance 
to change, but rather through protection by geographic^ 
barriers from insistent outside stimuli for change. That the 
feeling thus created is well reflected in Chinese art, which is 
meditative and suggestive, seldom realistic. 

(3) That the mental atmosphere evolved was not favourable 
for the development of the sciences for at least two reasons : 
First, because potential leaders, instead of receiving inspiration 
from their fellows, were much more likely to be simply left 
alone and ignored ; it was the opinion of all that they had 
nothing really worth while to offer (and no one will deny the 
power of suggestion) ; the eyes of the nation were set in an 
entirdiy different direction. Secondly, because discoveries, once 
made, were at best only half-heartedly adopted, since there was 
no crying need for their utilisation either for humanitarian 
purooies in medicine or in order that the race might survive 
and compete for the mastery with virile and domineering 
neighbours pressing upon it from all sides. 

IV. Outlook for the Development of Chinese Medicine 

AND Culture 

In this discussion we have been compelled to mention certain 
aspects of Chinese culture, which are not progressive, which 
may even be inhibitive, in order to offer, in an elementary way, 
an ^planation of why the medical and allied sciences have 
fcutp to develop as they have done in the West. There is 
evciy reason to believe that the Chinese race has produced 
in |he past, and will continue to produce in the future, men 
en<|owed with most brilliant intellects, in no sense inferior to 
oun leaders in the West and perhaps even their masters. But 
it Is China’s misfortune that these men have almost without 
eaiM^ion devoted themselves to philosophy and to letters, 
sbpring, as Welch ^ has emphasised, to attain truth " by tho 
ttMl(tof the human intellect alone.” For reasons which we have 
t>i^ to outline, they have not felt impelled to test out their 
tfal^es by observation and by expmment. But the Chinese 
also had great men in science, only they lived and died 
hiadreds, nay thousands, of years ago. It is to the memory 
of:^ders, like the mythical Yellow Emperor, Huang-ti, that 
tbc^: Chinese burn incense with unfailing regularity in these 

Welch, W. H., CMtcted Papers and Addresses, 1920, vol. iii, p. Z73. 
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days of the twentieth centui^.* As a result, the citfiiens of 
this great Republic are to this day pitiably sick and i^ruKle 
through life with lo or 3o per cent, of the enei^ which |i their 
rightful heritage. We have seen what a China riddl^ with 
pestilence and famine and isolated by vast oceans and lofty 
mountains from human intercourse can do, but no man can 
predict the potentialities of a rejuvenated China, in touch 
with all the world by modern means of communication, rest- 
less with abundant vitality and armed with a knowledge of the 
sciences. 

The outlook for China is certainly not a gloomy one. Indeed, 
it is the fashion nowadays to harp upon the imperfections of 
our own social and economic organisation and to intimate 
that we must approach the culture of the Orient with humility, 
as novices ready and eager to learn. No one will claim for 
any nation a monopoly of virtues. Reaction against our 
missionary policy is increasing,* and perhaps rightly so. The 
cheerfulness of the Chinese, their patience and their constitu- 
tional tendency to settle disputes by some form of arbitration, 
rather than by brute force, are qualities which we may properly 
emulate. Among them the peacemaker is considered bkased. 
They have a keen appreciation of the beautiful, though it does 
not always coincide with ours. 

An asset which may be made of real value to themselves 
and indirectly to other nations is the high respect which they 
have for scholars. Their national heroes are not generals, nor 
admirals, nor yet great administrators, but humble teachers 
and philosophers. All classes share in their reverence for 
learning, and it has been so for centuries. When a forceful 
Govermnent is established — and none .doubt that it will obme 
sooner or later — we may witness a twentieth-century renaissance, 
provided that the people throughout the Republic retain this 
c^e-long respect for learning and take it as a matter of course 
that the needful appropriations are made — ^that failure to do 
so would be repudiating the convictions of their ancestors — 
and what is equally, if not more important, if men of the calibre 
of those who formerly devoted their lives to the classics, and 
considered themselves privileged so to do, will strive to enter 
the schools and universities, and, if successful, will be able tht» 
to ezdte the admiration and envy of their less favoured country- 
men. The Chinese cherish their past and are conservative as 
to changes, so that we may venture to hope that the more far- 
sighted of their leaders will labour toward this ideal and vdll 

> Gowdry, S. V., " Office of Imperial Physicians, Peking,” /. Am. VM, 
Asm., 192k, vol. Ixxvii, p. 307. 

* Lowe Chuaa-hwa, “ The Christian Peril in China,” The Nation, 1933, 
vol. cxvi, p, 144. 
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thereby «%e successful in preventing the onward march of indus* 
trialismi(which is in itself beneficial and progressive) from 
creating;, as it tends to do in the West, the feeling that teachers 
and prmessors are to be regarded with a kind of tolerant 
sympathy as compared with really “ practical ” people who 
invent a new kind of chewing-gum or a patent bottle-opener, 
thereto taking unto themselves merit in the form of dollars. 

At present China stands almost alone in possessing this 
respect for learning, in rating the profession of the scholar 
the most desirable of all. What gives educationists grave 
concern is that CJermany seems to be losing it. Unless it is 
regained with the stabilisation of internal conditions, she will 
be greatly handicapped in regaining her pre-war eminence in 
science. Japan is still fortunate in its possession, the Emperor 
himself encourages learning, and the professors, who in the 
Imperial universities are officials of the cokunin class,* appointed 
directly by him, are everywhere treated with due respect as 
intellectual leaders whose high duty it is to shape the ideals 
of the rising generations, who, in turn, alone can be responsible 
for the safety of the Empire. 

‘CoMrdry, E. V., ** Anatomyin Japan," Anat. Rec., igjo, vol. xviii, p. 67. 
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THE ENCOURAGEMENT OF DISCOVERY 

A PROCONNARY 
By Sir RONALD ROSS 

Statesman. We agree, then, that perhaps the most important 
faculty of all living things is this faculty for successful research 
— that is, for discovery. There are first the age-long efforts of 
plants and animals to discover suitable environments, or to 
ada^ themselves to new environments. Then probably we 
reaim stages of more conscious efforts, as disclosed in the 
nests of bees, wasps, ants, birds, and so on ; and lastly we 
arrive at the discoveries of men — ^their huts, houses, and 
palaces, their weapons, their clothing, their herds, their 
vehicles, their cooking and medicines, their methods of com- 
munication and record, their arts, their education, their govem- 
ments> and, finally, their inquiries into the mechanism of all 
things, from the stones to themselves and the stars. From 
the roots of the seedling seeking nourishment in the soil to the’ 
genius of Newton desiring to solve the secrets of the heavens, 
we find only research, research, research, and — sometimes — 
discovery. For you, you seek the laws of matter^ forces 
and disease. For m politicians, we seek the laws which 
endow humanity with the highest possible welfare, and — alas 1 
•—the ai^^ments which may induce humanity to accept such 
laws. Civilisation is the sum of a vast number of discovesies 
and inventions which are not known to savages or to animals. 

Scientist. How would you define discovery and invention 
respective^ ? 

Stai. iwcovery is the acquisition of new knowledge and 
invention that of new wocess. They are complementary of 
each other. Art is the discovery and invention of new beauty, 
and science the cognition of all this domain. ... I fear 
that these definitions are insecure, but they are the best whiw 
I can form at the moment. 

Scien. Yes, words nre very diffluent things. The gist of 
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tltt is that discovery and invention are at once the 

most Important and the rarest of human works. They affect 
not only the present but all nations and all future times. The 
primitive men who discovered or invented weaponSi houses, 
clothes, crops, fire, boats, and wheels lifted the race from the 
jungle and put all of us under an obligation to them from their 
own times until to-day, by making us dominant over the 
powers of earth, water, and air. 

Stai. And now we come to relativity, and to wireless and 
aeroplanes I But surely such works can scarcely be called rare. 

Not perhaps in the perspective of time, nor so much 
at the present, which is a moment of great discoveries and 
inventkms. But looking through the ages we shall perceive 
whole tracts of time which were quite sterile j when nothing 
new was done, when no advances were made, when the goat- 
herd fed his flocks among the ruins of Athens and Rome. 
Behind'them again there were the great deserts of the past, 
which probably saw not a single advance of any kind ; and we 
have (^ina and India to-day. The truth is that the vast 
masses of men are totally unconcerned with discovery and 
invention. They live for their own food, for their families, 
their pleasures, their wealth, and their ambitions. Even their 
reli^ons are personal bargains with God. They wage barren 
wars, destroy libraries, temples, palaces, cities, and sometimes 
whole civilisations, in the interests not of humanity but of 
themselves or of their superstitions or ambitions or hatreds or 
pride. Their demagogues, politicians, prophets, prelates, 

S triots, and kings are too often of the same order — ^if insincere. 
Doming not for humanity but for themselves, or, if sincere, 
often wholly mistaken. Such men interrupt the course of 
true progress, disendow the future of the past, sink whole 
nations either in slavery or in sloth, and 

' Add not a comgraln to the goodman’s store, 

A word to wisdom, nor a stave to song. 

I can find little consolation in what is called history — ^mostly 
a record of futile storms and earthquakes, of destruction, and 
devolution. True history is that of discovery and invention. 
SUU. Are all the soldiers, politicians, and kings evil, then ? 
Seim. By no means. 1 said ** too often.** There have 
been and are millions of good men who do their best for their 
fidiows in whatever station of life they find themselves. They 
are the salt of the earth ; but their work is by its nature gener- 
ally k^l and temporary. The well-ordered estate, the local 
boapitafl, the cleanly town, and the lansperous nation are the 
refutes of their labours ; but alas I the conqueror, the fanatic, 
llm di^nagQgue, or merely the cold hand of time, may destroy 
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all these things. My contention is that discoveries inve^> 
tions are still greater benefits became they are giv^ not to 
one time and people, but to the world and for all times. Pericles 
conferred prosperity on Athens for years, but her philosophers, 
poets, and sculptors have elevated men tor centuries. We can 
classify all human efforts under three headings, and their 
negatives — ^namely self-service, state-service, and world-service. 
All animals and plants exhibit the first, and bees and ants the 
second also ; but it is only men who rise to the third — and 
that very slowly. We can imagine that our primeval ancestors 
lived only for the first. Then the vast ages of conunencing 
and advancing civilisation have added the second class ; and 
now lastly— now that we have measured and mapped the world 
— ^more of us are turning to the third class of effort. May it 
prosper 1 Discovery and invention are the spear-points of the 
advance. 

Sial. We humble politicians work, then, only in the second 
class — or, more often, I fear, in the firet class. 

Scien. No, sir. The politician works in the first and second 
classes, it is true ; but you statesmen work in the second and 
third classes. That is the difference. 

Stai. Thanks for the compliment, which I hope is deserved. 
But 1 have heard it argued that all the discoveries and inven- 
tions in the world have not advanced the happiness of men 
one jot. 

Scien. Those who say so should return to the jungles 
without clothes, weapons, or habitations I That an invention is 
largely used proves that it is useful. 

Stai. 1 have also heard it argued that science does but 
give men more perfect weapons wherewith to destroy each 
other. 

Scien. It is not the fault of science that men misuse it. 
The most valuable medicines can also be used as poisons, and 
one might as well maintain that all medicines should be aban- 
doned because criminals sometimes employ them. 

Stat. After all, the old hand-to-hand battles were far more 
fatal than those of to-day. When you forced your enemy 
down you were generally ob%ed to finbh him off, lest 
should get up again. It is said that at Chevy Chase nearly 
all the combatants were killed, and that at Agincourt few of 
the defeated army survived ; but in the recent war the mor- 
tality was, I have read, seldom more than 5 per centum on both 
sides. But a stronger argument against science is that it 
requires factories and that factories create slums. 

Scien. Do not blame science for that — surely it is yolff 
office as a scientific statesman to prevent slums. 

Stat. Not always so easy, ^t admitting that dkooveiy 
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and invention are among .the most beneficent things, what 
would you do to advance them ? 

Sciem. What would you do, sir, to advance an 3 rthing ? 

Sie^.' I should have to spend money on it, I fear. This 
country is now doing so on a large scale — ^for science. There 
are the. universities with their laboratories, the observatories, 
and also numerous special, technical, commercial, or manu- 
facturing institutions, many of which receive considerable 
public grants. Then there are the grants given by the Industrial 
Research Council and the Medical Research Council who dis- 
pense, say, ;£2oo,ooo a year of public money between them. 
Also, I understand, several Government departments and many 
hospitals have laboratories. The total cost must be con- 
siderable. 

Scitn. But this money is given for teaching and research, 
not for discovery. 

S/af. Surely teaching and research lead to discovery. 

Sci$n. Do they? Only sometimes. Teaching and research 
are parts of the process which occasionally yields discovery. 
You give large sums for the process, but nothing for the result 1 

Stat, All these subsidised institutions and laboratories 
mentioned by me are daily producing discoveries which are, 
I understand, copiously recorded in the large scientific press. 

Scien, Hum 1 I hope so. After all, they are doing their 
best. I have forgotten which of the American humorists it 
was who when he lectured “ out west ” used to post up the 
notice, “ Please do not shoot at the lecturer — he is doing his 
best." 

^at. You mean that the results are poor. 

Scien. Put it in this way. Suppose that a nation decided 
to encourage the arts by establishing a great institution with 
numbers of heavily endowed professorships, lectureships, and 
scholarships for the purpose of producing the most magnificent 
poetry or painting or music that the world has ever heard or 
seen : do you think that this institution would create many 
Dimtes, Shakespeares, Raffaels, or Mozarts ? 

Stat. Probably not one. But it might help your geniuses 
to ripen, if nature or fortune were to provide any. 

i^en. Precisely. The institution would teach teachers, 
not create creators. A wit has said, I believe, that " Those 
wlio can— do ; those who can't — teach." There is some truth 
hi that. What you are doing to-day is to spend great sums on 
the ancillary services of Discovery, but none on Discovery 
heiself. You pamper her servants but allow the mistress to 
■taiwe in the garret. 

Slat. We cannot create creators. All we can do is to 
them when they arrive. 
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Scien. That is precisely my contention. Up to fttesent 
the world has helped them very little — ^in fact it mas often 
starved, persecuted, or punished them. Socrates was wisoned ; 
Pythagoras and Plato were driven into exile ; Copermus was 
threatened ; Galileo was imprisoned ; Bruno and |^vetus 
were burnt. Many others were allowed to die in )jieXtreme 
poverty. The Spaniards starved Cervantes “ in order ito make 
him work." Camoens and many others died paupers.j Tycho 
Brahe was forced to leave his great observatory and toptop his 
work. Many were persecuted all their lives by jealoui rivals ; 
and many others had their work successfully piratem Both 
Harvey and Jenner suffered from thieves ; and almosf all the 
greatest men were subjected to virulent criticism or to j^rsonal 
abuse. Columbus was sent home in chains from the continent 
discovered by him ; and even Lister, the gentlest of mien, was 
violently attacked. Very few indeed have ever received the 
smallest reward. Jenner, who was one of the few exdemions, 
was nevertheless so embittered by attacks upon him that he 
said to the Tsar in London in 1814, *' I have received the thanks 
and the applause, but not the gratitude, of the workl." In 
1805 he remarked that his labours had been " less appreciated, 
perhaps, in this island than in any other part of the oivilbed 
world " ; and even to-day hb memory b vilified by cranks, 
mostly Englbh. It has always seemed to me that the tragedy 
of dbcovery was most admirably pictured in the legend of 
Prometheus. He was probably one of the earliest ipen of 
science — ^who dbcovered how to get fire from flints aiid was 
then duly immolated by the chief of hb tribe for hb presump- 
tion I Another case is the great one of which we hear so often 
in church on Sundays ; but I fear men learn so slowly that 
they still continue to crucify their benefactors. 

Stai. Scarcely to-day. 

Scien. Yes — ^metaphorically, if not actually. 1 know 
several cases. There is an intense, if subconscious, jealouto of 
intellectual achievement, especially among those who t&ink 
t^t they possess the intellect, but who have never achievei%he 
achievement — the Pharisees and Sadducees of the day. S|rift 
summed up the subject in hb terrible but true picture of idm 
^ruldbrugs, the human immortab whom their countryti^n 
kept in a state of beggary. Nearly all the inunortals of the ikts 
and sciences — the men who really gave us dvilbation — wire 
Struidbrugs 1 Not only is it true tmit, as Sir Henry Tajpor 
said, " The world knows nothing of its greatest men," but IQO 
often the world has persecuted them. One b tempted ^to 
maintain that the story of civilbation is a story of negledC 
often of crucifixions. For example, the names of scarcely iifiy 
of our really great men are perpetuated in our aristocrtgl^, 
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who ai« ^cended mostly ^om traders and politicians. We 
are so dv^ a nation that we omitted to preserve any records 
even of greatest poet ; so that people are actually able to 
argue toway that Francis Bacon or others wrote his works 1 

SUU, -: This was neglect, not persecution. 

Scieiii I am drawing a general but rapid picture. At 
least, s<;|ircely any of the world’s greatest men received any 
rewards or recognition during their lifetime. 

Stai. Yes, world-service is mostly unpaid ; state-service 
receives a few pence ; but self-service wins the millions and the 
titles. Heally the mass-mind, as we may call it, is still only in 
the simian stage. It does not recognise benefactors. It bites 
the hand that helps it. It kills the goose that lays the golden 
eggs, liilen crown those who destroy them and punish those 
wno save them — compare Napoleon and Christ. They hear 
the tragedy every Sunday in their churches and then repeat 
it all the weekdays outside, but still call themselves Chris- 
tians. How can we stop this kind of thing ? It seems to be 
ingrained in human nature. Even we humble politicians are 
sometimes punished for our virtues 1 But we were talking of 
the sciences rather than the arts. 

Seim. They are in the same case. 

Stof. Scarcely, I should say. The really great men of 
the art# are extremely rare — probably less than a hundred in 
every Mneration in all the arts throughout the world. I think 
that tfcy must have most exceptional qualities to achieve their 
except^nal positions. But there must be many hundreds, if 
not tlmusands of men of science now living in this country 
alone j and I doubt whether even a man of science like yoursefr 
will maintain that all of these possess any unique genius for 
science. 

Sqien. Not only do I not maintain it, but I deny it. 
You fpoke first of* the really great men of the arts ” in par- 
ticular and then of " men of science ” in general, and aigued 
thatf the former are much more rare than the latter. So 
the^. are : but you were comparing different classes of aggre-- 
ga^. If to the " great men of the arts " you add all the 
tei^em of the arts, the art-critics, the literary and dramatic 
mtics, the innumerable expounders of the arts, you will prob- 
al:^ obtain a much larger number than that of all the men of 
semme put together, including teachers, expounders, mtics, 
and successful and unsuccessful investigators. My point is 
thsA it is only the successful ifwestigators in the sciences who are 
tO}|e compared with the successful masters in the arts. Both 
in :^he sciences and in the arts they are the supreme men : 
thiiiy are extremely rare in both cases ; they are the " dfa- 
cajieiWB " and the only discoverers : the others, the teachers, 
ao 
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the esqxmnders, the critics, the textbook compilers, iiii|ne neces* 
sary and sometimes distinguished, but they are wndllar^. 
Every great scientific discovery, like every great Wtist, a 
followed by a host of interpreters, tutors, comnij^ators, 
students of detail, and recorders, who consolidate the jjiKMitions 
won in the advance. My principal argument is that we are 
now spending large sumS of money to encourage the indllary 
services of sdence (and the camp-followers), but do-nothing 
at all for the generals who win the victories 1 

SM. Surely any man of science who has made important 
discoveries will easily obtain well-paid professorships at the 
schools and universities. You laugh. Well, on thinkfiig over 
it, I suppose not — at least in Britain. There are such things as 
" local influence," " first claims," and so on— -certain little 
backwater eddies. Then important discoveries mast be usually 
made by men who are too old to commence academic careers 
afterwards, or who may be unwilling to give up research for 
teaching. 

Scien. We must distinguish here. Certain bramhes of 
sdence— astronomy, physics, chemistry, physiology — ^now 
absolutely require subsidised laboratories. In these, iirvestiga- 
tion can be very conveniently combined with teaching, and has 
in fact been largely carried out by teachers. But in other 
branches of science — ^philosophy, pure mathematics, and much 
geology, botany, zoology, and practical medicine and hygiaiK 
—the leading investigations have been done, and ard being 
done, quite apart from teaching, from universities, schools, 
institutions, and even laboratories, by private enthusiasts who 
sacrifice their energies, their time, and often their money in 
such pursuits, and who seldom hold or .obtain academical ||Mst8, 
or indeed any rewards worth mention in comparison wim the 
value of their work for mankind. In all cases, acadetnical 
posts are of trifling value compared with the value of the 
services rendered to the world by those who achieve |peat 
discovery ; and they are apt to interfere with future ^ork 
by the imposition of duties which are of trifling importi|nce 
compared with real research by really competent men. | In 
otW words, the world b at present largely wasting its lest 
material. 1 want it to avoid such waste. 

.Stof. Are there not the Nobel Prizes, which are, I under* 
stand, considerable stuns given only to " discoverers " in certain 
branches of effort ? 

SeitH. Yes, by one comparatively small and poor nation I 
Fancy Sweden being called upon to pay for discoveries made 
by all the other nations, including the Britbh, AmeiiOait. 
French, and German I It is very good of Sweden, but I should 
advise the Swedes to keep thek Nobel Frizes for thek own 
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countrymen until other nations begin to take some share in this 
obvious duty of paying for benefits received by humanity. 
One entire Nobel Prize (£7,000-8,000) does not equal one year's 
salary of ^e British Lord Chancellor, two years' salary of many 
judges and secretaries of state, ten years’ salary of most pro- 
fessorships, or the annual income of thousands of country 
gentlemen, business men, shopkeepers, and of some lawyers 
and doctors. The whole annual disbursement for the five 
Nobel Prizes does not equal £40,000 — which is less than the 
income of many rich individuals. 

Stat. I gather, then, that you recommend some form of 
pecuniary payment for discovery ; but I have heard it stated 
that men of science, at least, scorn payment for their work. 

Scien* And I have heard that not one of them has ever 
refused it, if offered 1 Apparently such pretences are advanced 
by those who have never done anything to justify such pay- 
ment. Is there any conceivable reason why the highest form 
of effort should be penalised by being refused payment for 
work done ? In all other fields we pay for benefits received 

Stai. Excuse me, we have only recently paid members of 
Parliament 1 

Scien. True ; but until recently members of Parliament 
were rich men who were glad, not only to do without salary, but 
to bear large election expenses ; they have prospects of minis- 
terial emoluments ; and, in this country at least, receive much 
more honour than is ever given for discovery. 

5 /a/. 1 could think of much good work being done now 
along many lines of work, without payment. 

Scien. Certainly ; but not life-work. There was once 
upon a time a king, who, having a promising young painter in 
his dominions, begged him to decorate the walls of his new 
palace. The painter, flattered by the request, gladly under- 
took the labour, but, relying upon the king’s generosity, 
made no previous agreement regarding payment. When the 
work,; was splendidly finished, after many years, the king 
refused to pay the painter anything at all. He was quite 
witl^ his rights ; but what do you think of the case ? 

5/0/. 1 should call the king a mean old villain, and the 
painter a fool. 

Scien. Yes ; and this is precisely the case of the British 
Pul^c to-day on the one hand, and of many men of science 
on the other. 

SM. Why, then, do so many of them continue to do such 
work? 

Scien. Pardon me, very few do. Some dabble for a time 
in ** te^arch ” ; others stroll along familiar academical paths, 
for which they receive academical salaries ; and others again 
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are recouped by professional practice or i»efer^nt. But 
those who wander forth into the wilderness in order to dis- 
cover entirely new lands or to die in the attempt are few indeed. 
Men have their families to support, and know only too well 
the habits of King Public. Not many of them ivill, like 
Bernard Palissey the potter, bum their furniture a*d starve 
their children and themselves in order to achieve th<ur inven- 
tions at any cost. Yet, to be frank, it is chiefly meit like him 
who have built up our civilisation. 

SteU. It has recently been argued that every discovery 
inevitably follows previous ones, like terms in a mathematical 
series. 

I Scien. The History of Science laughs at such absurdities. 
Certainly many main propositions are followed by many easy 
corollaries which can be picked up even by scholastics ; but 
who establishes the main propositions ? Not the scholastics 1 
Archimedes nearly discovered the Calculus, but nineteen 
centuries elapsed before Newton actually did so. It is extremely 
unlikely that vaccination against smallpox would have been 
discovered even to-day, but for Jenner’s work 130 years ago ; 
but both these great discoveries opened the flood-gates for the 
torrents of corollaries which followed. 

Siat. Your theory is, I take it, that every “ discoverer ” 
is to the mass of other men in the same generation what the 
“ germ-cell ’’ is to the mass of " body-cells " in the individual — 
desired for the future, not of that individual, but of the 
species ; that the progress of civilisation depends upon “ dis- 
coveries ” as evolution depends upon “ germ-cells." But, 
if s<^ Nature arranges these matters, and how can we help ? 

' Scien, Very simply — ^as Nature .does — by fostering these 
germ-cells. To leave the analogy — ^which is not quite exact — 
your problem is to foster and help in every possible way the 
lew men who have shown themselves capable of advancing 
science and art. They are really the supreme assets of the race. 

Stat. You are going to suggest some form of pecuniary 
reward for " discovery," as we call it. But this is ofteniWon 
automati9ally. Take the medical profession, for exai^ple, 
which is full of rich knights and baronets. 

Scien. Almost entirely the successful clinicians ; the stone- 
cutters and the bricklayers, not the architects. What do you 
do for the latter — ^the designers ? 

Stat. Hum 1 Democratic, at least I But we are abtady 
paying lai^elv for medical research. 

Scien. Tne country pays, say, fifteen million pounds a 
Year to its clinicians, not counting hospitals and dispensaries 
but only about £180,000 a year for medical research. That 
is, every person in England, Scotland, and Wales pays 
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something tike ten shillings a year for the treatment of his 
maladies, but only about one penny a year for investigation 
as to how J^ke maladies are caused and may be prevented or 
cured. Supreme wisdom, that I The House of Commota 
alone receives much more. Yet during the last eighty years 
the “ expectation of life ’’ has been increased in this country 
by no less than twenty years, chiefly, I believe, owing to the 
labours of “ discoverers ” 1 

Siai. Small gratitude we show them for it. 

Scim^ No, sir — ^none at all. You really get nearly all 
the work done for you by poor men for nothing. 

Sia/. The only just and reasonable course is for every 
civilised nation to establish a Public Service Fund to pay 
honestly for benefits actually received. I suppose that for 
this country an annual rate of a farthing a head would suffice. 
The difficulty would be to exclude pretenders and charlatans ; 
but this difficulty could be overcome by proper organisation, 
just as it is now overcome in the case of public honours. But 
we already have the Civil List Pensions. 

Scien. Mere doles for the deserving poor, given by a minister 
on petition — ^not payments by the State for services rendered. 

Stat. Well, then, a farthing rate would yield over ^£40,000 
a year — a paltry sum compared with our expenditure on Old 
Age Pensions and Unemployment — ^not to mention Education. 
Would this sum suffice, do you think ? 

Scien. Certainly, if given only for what we call " dis- 
covery.” The whole subject was exhaustively examined by 
the British Science Guild in 1920 — ^here is a copy of its scheme. 
The Guild recommended a system of small state-pensions of 
£500 or £1,000 a year each for important but unremunerative 
discoveries and inventions already achieved — ^which are only 
too rare. 

Stat. This is a system of payment for results, not for 
expectations. Personally, when I buy boots or clothes, I 
alway pays for results, not for expectations 1 At present the 
country p)ays science only for expectations — ^which are not 
always realised. Cannot discovery be brought within the 
Patent Acts ? 

Scien. No, not without impeding research. 

Stat. Do you think that payment for discovery would 
real^ encourage it ? 

Scien. You would not long continue to get your boots or 
clothes if you did not pay for them. 

Stat. Have you any other argument to add ? 

Scien. Yes — ^that payment for discoveries is a debt of 
honour which the world owes to the men who have conferred 
such great benefits upon it. 
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SkU. Hiank you. That is the strongest argument of all. 
I conclude that a pound spent in this way wHi do more good 
in the world than a hundred pounds spent in ai!ty j^ther way ; 
and I will do my best to help you. 

Scien. The world should thank you if you succeed. At 
present it does much for talent but little for genius. Yet 

• , • talent does but reap the crop 
That genius sows and grows ; 

and history tells us that the reapers are always nttny — but 
the sowers, few. The only honest way to encourage discovery 
is to pay the men who achieve it. 



NOTES 


nr Malcuftn Wjrtwm (II.B.) 

On June 25 last Dr. Malcolm Watson received an honorary 
degree from his university, the University of Glasgow ; and 
on July lo he was knighted by His Majesty at Buckingham 
Palace. Seldom have public honours been so fully deserved. 
They have indeed been long overdue. The work for which 
Malcolm Watson is now famous has been that of giving practi- 
cal effect during nearly a quarter of a century to my work 
on malaria and mosquitoes completed in 1 898-9. He was almost 
the first of all British subjects to recognise that the new know- 
ledge could be utilised for preventing malaria on a large scale. 
He was then serving in the Federated Malay States at Klang, 
and set himself at once to mosquito-reduction as suggested by 
me in 1899 and subsequently. The malaria rate at Klang fell 
as if by magic, and shortly afterwards a similar miracle occurred 
at Port Swettenham, where a bad outbreak of malaria was 
occurring. Since then he has occupied himself in keeping down 
the disease in a large number of plantations in the States and, 
with the help of several medical officers and other officials, 
has overcome difficulty after difficulty. The details will be 
foimd in his fine book The Prevention of Malaria in the Federated 
Malay States ; a Record of Twenty Years' Progress (John 
Murray, 1921). . The task has been much complicated by 
several factors. It was found that the measures which reduced 
the malaria in the “ flat land ” increased it in the " hilly land," 
and vice versa — a phenomenon due to the peculiar habits of 
the malaria-bearing mosquitoes in the two kinds of area re- 
spectively. About ten years ago Singapore took up the subject 
with the help of Watson ; and recently he has been temporarily 
eii|;aged on certain estates in India for the same purpose. The 
mlt^tude of Watson’s work has hitherto not been appreciated 
in tnis country, where most of the malaria workers have been 
very ^simistic as re^rds the possibility of reducing mosquitoes 
axnrvmere. By sticking to his guns, however, Sir Malcolm has 
amkvtd as great a victory in the Federated Malay States 
as did Gorgas and the i^ericans at Panama — with thb 
di|iereace> that Watson did not receive the immense advantage 
great State subsidies, but was obliged to work his way 
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for^rd, Stef) by step, not only against the disease, but 
against pecuniary difficulties. 

Someone has called hygiene the Cinderella of the sciences. 
Generally it works alone and in obscurity, while other sciences 
may move more pleasantly in the light of fame. Ohe of the 
most curious thii^s about the human race is that we take little 
interest in avoiding disease and prolonging our own lives. 
Anyone from a politician to a jockey is a ^eater man in the 
public eye than he who saves thousands of lives by the modest 
duties of “ Cinderella." We would gladly see some avliiakening 
to this fact in the British public. The health of millions b of 
greater importance than politics or racing. 

Aaottier lOnda 

Many old miracles have been recorded regarding the enre of the sick and 
even the bringing of the dead to life, but perhaps none was so wonderful 
as the miracle recorded in the Annual Report of the Medical Officer of Health 
for the County of London for 1923. Since 1841 the average expectation of 
life in London has been prolonged from 34*6 to 53*8 years among males and 
from 38*3 to 59'i years among females. This really means that the aver- 
age length of life has now been prolonged by twenty years, that is by more 
than a half of what the average length of life used to be in 1840. Many 
factors have concurred in giving us this wonderful result ; but it has been 
chiefly due to the investigators of disease and to those who study the 
practical application of sanitary science. 

She 8ev«m Bamge 

Tbb Govmment have decided to proceed at once with certain pre^itninary 
investigations in order to ascertain the feasibility of the scheme fu using 
the tidal power of the River Severn for the production of electrical power 
by the erection of a barrage across the river. Lord Parmoor, to whose 
soentific department (the Department of Scientific and Industriad R^fsearch) 
the work has been entrusted, has already made arrangements to put It in 
hand. 

The Lord President has appointed a Committee, constituted as follows, 
to supervise and direct the work; G. S. Albright, Esq., C.B.E., J.P. (Chair- 
man) ; Prof. A. H. Gibson. M.Inst.C.E., M,I.Mech.E., F.R.Ac.S. ; G, W. 
Lamplugh, Esq., F.R.S. ; Maurice Wilson, Esq., A.M.Inst.C.E. ; Dr. J. 8. 
Flett, O.B.E., LL.D., F.R.S.. Director, Grological Survey and Museum. 

The feasibility of the Severn scheme turns first and foremost upon^the 
poasilflllty of finding satisfactory foundations for a barrage. Acoordiigly 
the first stage of the investigation will involve : V 

(a) The study by the Geological Survey of the stratigraidilcal format|oQ8 
IQ the neighbourhood of the sites suggestM for the eremon of the baxtige ; 

ffi) Taking preliminary soundings with a view to determining the oor^tir 
of tm rlver-oed at the sites ; and 

(e) Preliminary measurements of the flow of water at difierent states of 
the tide. 

Meanwhile, two eminent consulting engfoeem. Sir lEauxloe Fltxmailrioe, 
Kt.,t:.M.O., P,R.S., and Sir John Purser Griilth, Kt., M.A.I., M.Inst.a 18 ., 
have been invited by the Lord XVesident to submit a Joint report bej^ 
the end of this year as to the possibility of constructing a bamge on foSS 
or mote of the sites suggested on the ass ump tion that safe fonndatijpis 
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eadst* T 3 i» data which will be provided as a result of the geological and 
hydrographical investigations already mentioned will bo placed at their 
dispos^. The stafi of the Geological Survey have already begun the inquiry 
entrusted to them, and their report will probably be ready for submission 
to the Committee before the end of September. 

ITotea and News 

Tbb following honours were conferred on scientific men on the occasion 
of the King's birthday : Order of Merit, Sir Charles Sherrington ; Baronet, 
Sir Humphry Rolleston; G.B.E,, Sir Josiah Stamp; C.B.E,, Prof. E. P. 
Cathcart ; Knights, Mr. P. H. Clutterbuck (Inspector-General of Forests^ 
India), Ih. G. T. Walker (lately Director-General of Observatories, India). 

Mr. Hehry Balfour, Curator of the Pitt Rivers Museum, Oxford, has been 
elected a Fellow of the Royal Society in place of the late Dr. T. N. Annandale, 
who was originally selected by the Council for election to the Society. 

Sir Napier Shaw has been elected a Foreign Member of the Royal Swedish 
Academy of Science. 

Prof. J, C. McLennan, of the University of Toronto, has been elected 
President of the Royal Society of Canada. 

Prof. F. G. Donnan succeeds Sir Robert Robertson as President of the 
Faraday Society. 

Mr. J. H. Field has been appointed Director-General of Observatories, 
India ; Professor S. Chapman, Chief Professor of Mathematics at the Imperial 
College of Science, London ; Prof. H. A. Wilson, Professor of Natural I’hilo- 
sophy in the University of Glasgow ; Dr. H. Martin Leake, Principal of the 
Imperial College of Tropical Agriculture ; Dr. B. B. Baker, Professor of 
Mathematics at the Ro)^ Holloway College, Egham. 

Among the names of the scientinc workers whose death was announced 
during the past quarter were the following : Dr. C. W. Andrews, palaDonto- 
logist ; Alfred Angot, geophysicist ; Dr. G. H. Bailey, chemist ; Sir W. H. 
BaylisSi physiolojnst ; Prof. F. H. Bigelow, meteorologist ; Mr. H. Deane, 
palasob^nist ; Sir James Dobbie, chemist ; Sir William A. Herdman, 
soologiet ; Prof. J. G. Longbottom, applied mathematician ; Mr. K, J. J. 
Maclmmide, Reader in Agriculture, Cambridge ; Prof. T. C. Mendenhall, 
physicist ; Mr, F. Merrifield, entomologist ; Prof. E. F. Nichols, physicist ; 
Sir Sydney Russell-Wells, M.P., lately Vice-Chancellor of the University 
of Loxidon ; Dr. R. Mullinoux Walc^cy, Ftincipal of Northampton 
PoMechnic Institute. . 

Thl^ Commissioners for the 1851 Exhibition have awarded Senior Student- 
ships iat 1924 to the following: T. M. Cherry (l^lbounje and Cambridge), 
mathimiatics ; M. Dixon (Cambridge), bio-chomistry ; Dr. R. D. Haworth 
(Manfdiester), omnic chemistry ; R. W. Lunt (Liverpool), physical chemistry ; 
G. Vi Mbrant (London), anthropology. 

The Ramsay Memorial Fellowship Trustees have made the following 
awaii^ of new Fellowships for the session 1924-5. A British Fellowship 
of to Mr. S. W. Saunders for work at University College, London ; a 
Gtaigow Fellowship of £300 to Mr. Alex. Robertson, for work in the University 
• of ICsncbester ; a Danish Fellowship of the value of ;^2oo to Mr. K. J. Peder* 
sea; lor work in the University of Bristol. The Trustees have renewed the 
Fellowships for the same session : Dr. S. Coffey, for work at Uni- 
yod^y wiege, London ; Dr. A. Titley, for work in the University of Oxford ; 

S. Stevens^ for work in the Unhrersilgr of Oxford ; Dr. M. Crespi, for 
werttat Universi^ College, London ; Dr. J, Kalff, for work in the University 
of Nuicliester ; Dr. H. Weiss, for work in the Davy Faraday Laboratory, 
Ibwl Institntion; Dr. Edward Boomer, for work in the University of 
Omiiridgs. 

The Council of the Senate of the University of Cambridge has issued a 
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report on the JackfonUm Qialrof Natural Hdloeoj^y, willed liia IMn vaca^ 
since the death ol Sir James Dewar. It appears that the endowhlotit is too 
small to provide a foil professorial salary, and it is therefore recommended 
that the occupant of the chair shall not be required to reside in tkmbridge, 
and that he shall be appointed for one vear only, but shall be aUgibk for 
reappointment for a second year and no longer. 

In a reply to a question in the House of Commons, the FimI Commis- 
sioner of Works stated that it has been decided to erect a new bqilding at 
South Kensington to house the ofiices of the Geological Survey and the 
Museum of Practical Geology. 

We regret to have to place on record the tragic termination of the Mount 
Everest eamdition this year. The final attempt to reach the smnmit was 
made by Messrs. Biallory and Irvine on June 6, when they started from the 
North Qol Camp for Camp V, situated at a height of 25,000 ft. Oh Tune 7 
they went on to Camp VI (27,000 ft.), and on June 8 were seen fcr the last 
time by Mr. Odell in a position whose elevation was afterwards determined 
by theodolite as 28,227 ft. It is probable that the summit was attained and 
that the disaster occurred on the return journey. The other members of 
the expedition have returned safely to Engird. 

The Marine Biological Laboratory at Wood's Hole, Massachusetts, which 
was founded in 1888, is to be greatly extended as a result of donations totalling 
about one and a half million dollars from the Rockefeller Foundation, the 
Carnegie Corporation, and otlier sources. A new laboratory and library is 
to be Wit at a cost of 600,000 dollars. 

A paper read at the annual meeting of the National Academy of Sdenoes 
(U.S.) last April by Dr. H. D. Curtis, the Director of the Alleghwy Observa- 
tory, Pittsburgh, contained an account of the measurements of sola^ spectrum 
wave-lengths which are being made at that observatory. The method 
employed is a combination of an interferometer with a grating spectrograph, 
and it is claimed that the wave-lengths obtained are correct to l put In 
5 to 8 millions. The so-called Einstein shift of the lines in the solar spectrum 
towards the infra red amounts to about z part in 500,000, so that ^ Alle- 
ghany measurements can detect wave-len^h variations ten times smaller 
than those predicted by the relativity theory. The results obtais^ show 
that there is a shift in tho predicted dimetion, but that its magnitude depends 
on the intensity of the line observed. For very faint lines the shift is tifWic- 
ally zero, with increasing intensity it becomes measurable, and for lines of 
int^sity 10-15 it is twice that demanded by Einstein's calculations. Thus 
if the Einstein shift really occurs, there must be another factor in operation 
which brings the faint lines back to their normal positions. Tam are 
various causes which may shift spectral lines towards the red, but no known 
cause of anything shifting them in the opposite direction except vdodty, 
an explanation which Dr. Curtis considexs to be untenable in this case. At 
the same meeting, however. Dr. St. John, of Mount Wilson Observltdry, 
expressed the opinion that convection currents in the sun's atmosphere are 
adequate to produce " minor " deviations from the theoretical displacenmt 
(it is not dear that he was aware of the results obtained by Dr. CurtiaJ^ aad 
the matter must still be regarded as unsettled. 

The Report of the Conference held at Birkbeck CoUem last JahUiiy 
between the Royal Meteorological Society, the Geographical Society, and thb 
Sdenoe Masters Association has been published by kfossrs. G. Phuip ft Sen 
(3a, Fleet Street. Price is. 6 d. net). Very complete weather data are 
radiated by wireless for the Eiffel Tower (10.5 a.m., 2,600 metres) 

Air Ministry (8.50 a.m., 9 a.m., a p.m,, 2.50 p.m., 4,zoo metres), using lleiie 
at Z2-Z5 ^(’^^ords per minute, so that it is possible for anyone to consmiei a 
weather chart and to make his own forecast. Such charts can be nretftfid 
in a 45-tninute teaching period and, in agricultural areas, the school latemcry 
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may be oiado a oontre for the rapid distribiition of weather forecasts. In 
addition to a suggestive discussion, the Report contains a valuable paper by 
Mr. Dobeon, of CMord, giving an account of the advances made in meteorology 
during the last twonty-hve years. 

Mr, Ji. Gilbert-Carter. Director of the Cambridge University Botanic 
Garden, has compiled a series of 61 Descriptive Labels for Botanic Gardens 
(Cambridge University Press, is. 6d. net) of a most attractive character ; 
for instance: 


Family Lauraceas 

CINNAMOMUM CAMPHORA Nees et Eberm. 

Camphor Laurel 

Native of Formosa. Japan, and China. The name Camphor is applied 
to several white, odorous, volatile vegetable products liaving similar pro- 
perties. This tree is to-day by far the most important source of Camphor, 
which is obtained by distilling the wood. The Camphor first known to the 
world was obtained from Dryobalanops aromatica Gaertn. (family Diptero- 
carpacea). In many parts of the world Camphor is extensively used in 
medicine and perfumery. The Camphor Laurel is hardy in the vrestem 
counties of England, and is commonly planted by roadsides in South 
California. 


In the Botanic Garden at Cambridge these labels arc printed in Old Style 
Antique type on green waterproof paper made at the Willesden Paper Mills, 
and, to protect the ink from the weather, the lal>els are painted with a 83urupy 
solution of celluloid in either amyl acetate or acetic acid. A cheaper latel 
can be prepared by typewriting or writing in Indian ink on a good white 
card which is then soaked in melted parafiin wax. 

The Rouse Ball Lecture for 1924 was delivered by Prof. H. Lamb, who 
chose as his subject The Evolution of Mathematical Physics, The lecture, 
which contains a masterly survey of the development of this subject, as 
distin^shed from Dynamics and Astronomy, during the last century, is 
published at the Cambridge University Press (price 25. net). 

The June issue of the Journal of the British Science Guild (6 John Street. 
Adelphi, 15 .) contains the very interesting speeches delivered at the annual 
meemg of the Guild on May 22 last and eleven of the articles previously 
publistod in the Morning Post and elsewhere under the title British Science 
Guild News Service* These articles seem admirably suited to their purpose, 
i,e, ta give to the general public some idea of the fascination and material 
importance of present-day disaivcrics and research. 

The present year will sec the beginning of what should prove to be a great 
development in forestry training and research, with the establishment at 
Oxford of an Institute which will be known as the Imperial Forestry Institute, 
a title adopted at the command of His Majesty the King. 

The question of establishing a central training institution was first dis- 
cussed by the British Empire Forestry Conference in X920. This Conferenoe 
jj^ that, owing to lack of funds and dissipation of efiort, training in the 
h^lher branches of forestry for the needs of the Empire was nowhere as 
oomplete or efficient as was desirable, and therefore recommended the estab- 
liiliment in the United Kingdom of one institution which should undertake 
^ high^ training of forest officers and should also bo a centre for research 
the formation, tending, and protection of forests. An impartial Com- 
mittee, consisting partly of representatives of Government departments 
Gfiitoemed and pa^y of experts, recommended the establishment at Oxford 
tuf a central institution for the higher training of forest officers, for training 
la research, for the provision of special and refresher " courses for officers 
already serving, and for the conduct of research Into forest production. The 
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report made it clear that there was oo intention of interfering wHlttlie vmk 
doine by the various University Schools of Forestry, and provided tlih training 
of these was maintained at a required standard, selected students from any 
such schools would be eligible for admission to the central institutian. These 
recommendations were strongly supported by the British Empire Forestry 
Conference in Canada and by the Imperial Economic Conference held in 
London in X923. Arrangements have therefore been completed for starting 
the Institute in October 1924. Temporary accommodation has been 
arranged, but funds have yet to bo obtained for the purchase of a site and the 
erection of suitable buildings. 

Elaborate preparations have been made for the centenary celebratkm of 
the founding of the rVanklin Institute, Philadelphia, in ^ptembet 1924. 
The hrst scientific address is to be given by Sir Ernest Rutherford, while 
further addresses will be given by Sir W. H. Bragg and Prof. W. L, Bragg, 
Prof. E. G. Coker, Prof. Donnan, Sir Charles Parsons, and Prof, Townsend, 
in addition to those given by representative American men of science. 

The History of Science Society, which was founded in the UniUKl States 
last January, has already 450 members. Its object is the encouragement 
of the study of the history of science and the publication of the journal, Isis, 
edited by Dr. George Saiton. Members receive this journal gratis. The 
annual subsection to the Society is 5 dollars, which may bo sent to F. E. 
Brasch, the Treasurer of the Society, at the Department of Terrestrial 
Ma^etism, Carnegie Institution, Washington, D.C. 

^e Second Annual Report of the Director of the Institute of Science 
and Industry of the Commonwealth of Australia shows that the work of the 
Institute is being most seriously handicapped by the absurdly inadequate 
grants made to it by the Commonwealth Parliament. The first steps toward 
the formation of the Institute were taken in 19x6, and by the midme of 19x7 
the temporary Advisory Council appointed to prepare the ground for the 
permanent Institute had completed its work. At the request of the Goymx- 
ment this Council continued its labours for a further period of threb years, 
although vdthout laboratories, research stafi, or apparatus of its owo^ In 
spite of this handicap, much valuable work was carried out, as hbi been 
recorded in these Notes. The Act to establish the permanent Institute was 
passed in 1920, the Director was appointed in March 1921, and it was under- 
stood that the necessary staff and resources would be provided to permit 
the statutory fimctions of the Institute to be carried out*— ^functions 
modelled somewhat on the lines of those of the English Department of 
Scientific and Industrial Research. However, in 1922-3 the grant was only 
;^20,907 and in 1923-4 These figures, too, include sums aHotb^ 

to certain specific pur^scs, e,g, the prickly pear investigation and the Pan- 
Pacific Science (^ngress, so that the net totals were only ;^X3,9oo and 
respectively. Since the administrative expenses amounted to £6,0C(0 in 
ea<^ year, the funds available for research were practically all absorbed ia the 
continuation of the research initiated by the temporary Council, and no 
new investigations have been started. It is satisfactory to note, however, 
that certain parasitic insects and fungus diseases have been disbovered 
which attack the prickly pear, and prodded these are as successful in f3ie 
field as in the laboratory, complete control of this pest is expected. A s uco eas 
ful method for the elimination of ** blackspot '* has been devised, and ithie 
investigations on potterj^ paper-pulp, the blow-fly, and tannin are maksbig 
satisfactory progress. Testimonials and expressions of gratitude ftpxfl 
manufacturers and others who have been helped by the Information Bureiiti 
of the Institute form a novel, and perhaps rather undignified, feature of fAb 
Report, Their presence is doubtless explained by the stem ^ht the 
is making for financial sqpport a little less unworthy of the great ComxiMl<^ 
wealth which the Institute could serve so well. 
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We luive reodved a copy of the Reports on Research at the National Bakery 
School, London, from the Secretary of the National Association of Master 
Bakers, Confectioners, and Caterers (89 Kingsway, London, W.C.). The 
work, which has been carried out by Dr. C. Dor6e and Mr. J. Kirkland at 
the Borough Pol3rtechnic Institute, deals with such subjects as the loss in 
weight of loaves in baking, the weight-conserving efEects of wrapping loaves 
in waxed paper, etc., and the results obtained should be of very great practical 
value to those engaged in the trade. 

The Department of Commerce of the U.S. Bureau of Standards, Washing- 
ton, has forwarded another batch of interesting and helpful papers. Techno- 
logic Paper No, 254 deals with the emissivity of paints and emphasises the 
low emissivity for heat radiation of aluminium and bronze paints. The heat 
radiated from a surface painted with any non-metallic paint {i,e, one which 
does not contain flakes of metal) is, witMn a few per cent., the same as that 
emitted from a dull black surface at the same temperature ; so that it is 
quite immaterial, for example, whether a house radiator is painted black or 
with a white enamel. The radiation from an aluminium-painted surface is, 
however, only a quarter to a fifth of that from a black surface. A radiator 
covered with this paint will thus dissipate from 15 to 20 per cent, less heat 
than it would covered with any other substance. The difference is not great, 
because some 70 per cent, of the heat from a radiator is carried away by con- 
vection currents. In other cases a much greater effect is obtained, e,g, 
painting the inside surface of a tent, a motor-car hood, or a shed roof with 
^uminium paint will cut down the heat radiated inwards to a fifth of its 
previous magnitude. The best arrangement in such cases would be to have 
the outside surface as white as possible {e.g, clean white duck or white lead 
paint) and the inside coated with the aluminium paint. The aluminium may 
be painted on the outside, indeed it would be better there if only one of the 
surfaces is to be covered and the unpainted outside be a bad reflector. Thus 
painting the outside of a black ''artificial leather" car hood reduced the 
inside radiation to 25 per cent, of its previous value, while painting the inside 
(only) reduced the radiation to 40 per cent. 

Technologic Paper 253 contains a report on the Standardisation of Hosiery 
Box Dimensions by a physicist on the Bureau staff and a Research Fellow 
appointed to carry out investigations for the National Association of Hosiery 
and Underwear Manufacturers. From this report it would appear that every 
maker at present packs his goods in boxes of a size selected by himself — a 
proceeding which results (i) in confusion on the retailer's shelves, (2) in 
damage during transit, since the hose usually leave empty spaces at the 
comers or sides of the boxes. The standardised boxes designed at the 
Bureau overcome these troubles and save 6 per cent, by weight of the box 
materials — a figure which becomes more imposing when it is realised that 
the total weight of the boxes manufactured each year for the hosiery trade 
is about 165 million pounds. 

Technologic Paper 247 describes in some detail an electrical telemeter 
deyised to measure and record strains in parts of a machine which is in 
actual use, e,g, in airship stay cables during flight or bridge members 
during passage of a train. The working of the telemeter is based on the 
cl^ge in the electrical resistance of a pile of carbon plates held firmly 
between end-pieces fixed to the test object. The many practical difficulties 
wldch are met with in the design of an instrument working on this principle 
have been overcome with much ingenuity and, with the apparatus described, 
using an oscillograph in place of a galvanometer in the Wheatstone's bridge 
dfcuit, mechanical vibrations up to 840 cycles per second can be recorded 
photographically with an accuracy of about 5 per cent. 

tn Sdentific Paper No. 482 Dr. Heyl describes experiments to determine 
sribether the gravitational pull on a non-isotropic crystal varies with the 
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position of its axes relative to the earth. The crystals, which fgtdoded 
examples of each of the five non-isotropic systems, varied in Weiji^t from 
375 to over 1,300 gm., and the accuracy attained in the weighings was as 
great as i part in a thousand million. No change in weight with omntation 
of the crystal could be detected* Po3mting and Gray had obtaincKi a similar 
result using a quartz or3^tal, but their experimental method permitted an 
accuracy of x pa^ in 16,000 only. It is interesting to note that the fact 
that the attraction of gravitation is independent of the nature of the 
attracted substance has now been established with an accuracy of 6 parts 
in a thousand million for water, copper, platinum, magnalium, copper 
sulphate, asbestos, and talc. (£6tv6s, Pelmr, and Fc^te, Ann, der Pkysih, 
68 ,1. pp. 11-66, 1922.) 

One of the most absorbing books of travel recently published is With 
my Wifeacross Africa, by Colonel J. C. B. Statham, C.M.G., C.B.E., R.A.M.C. 
(ret.) (Simpkin, Marshall, Hamilton, Kent & Co., London. Price 125, 6d., with 
3 maps, 55 illustrations, and 323 pages). The journey started from Mossa- 
modes on the south-west coast of Africa, which was left by train to Lubango 
on May 14, 1923. Thence the travellers travelled ** by canoe and cara- 
van,'* down rivers or across deserts, until they finally reached the Zambesi 
near the Victoria Falls at Livingstone. The incidents are alwa}^ vividly 
described and illustrated, and are frequently not a little exciting, while the 
joumc3rs across the bush and the Kalahari Desert nearly ended several times 
in disaster. Not only is Colonel Statham a fine hunter, but his newly married 
wife (daughter of Mr. McQuisten, M.P.) is to be highly complimented on her 
indomitable pluck througl^ut the ** trek.** At one time they came into con- 
tact with a morose if not mad white man, who nearly caused a tragedy. 
The book contains many notes of scientific interest, esjxjcially in the four 
appendices (on the people, the game, the physiography, and the flora 
respectively). 

Mr. A. A. Campbell Swinton, F.R.S., delivered a very interesting and 
amusing lecture at the Ro3ral Society of Arts on March 12 on some of his 
personal recollections of notable scientific men, with photographs of many 
of them. It is full of {mints of note, especially regarding the work of David 
Hughes, who almost, if not quite, discovered wireless before Lodge and 
Marconi — a curious genius who was also one of the original inventora of 
type-printing telegraphs. The lecture is an addition to the neglected subject 
of scientific biographies. 

On May 27 last the British Science Guild interviewed the President 
of the Board of Education on the subject of the increase of bureaucratic 
intervention in education. It cannot bo said that much progress was 
made, and, as usual at such meetings, lx)th sides seem to have retained tJtoir 
original opinioxis. 

The Pickett-Thomson Research Laboratory at St. Paul's Hospital, Endell 
Street, London, W.C.2, has issued the first number of its Annals— a fixie 
quarto volume of 216 pages of large print, two coloured plates, and many 
^tographs, costing 25s. The editor is Dr. D. Thomson, O.B.E., who to 
Director of the Laboratory ; and he contributes five out of the nine copioas 
articles, especially three papers on the etiology of variola- vaccinia, moaslei, 
and scarlet fever, in which he reopens the search for the causative ag^tito 
of these diseases— a vastly important matter which has been unduly 
neglected of late. There are also papers on Thomson's ** detosdeatea 
vaccines " and the classification of cocci by photography. 



CORRESPONDENCE 

To the Editor of Scixncx Progress 
DR. HAMMERER IN CAMBRIDGE 


From John R. Bakbr. B.A. 

Dbar Sir, — On reading Prof. MacBride's letter of January 22, 1924, pub- 
lished in your April issue, I hnd 1 have the distinction of having reached 
(in his eyes) a *' climax of absurdity " in my paper on intersexual pigs, read 
at the Liverpool meeting of the British Association. 

Prof. MacBride says : The climax of absurdity was reached at the 
Liverpool meeting of the British Association when one Zoologist, describ- 
ing the occurrence of ' intersexes * amongst pigs in one of the Pacific Islands, 
explained their occurrence by assuming the existence of a * factor for inter- 
sexuality.' " 

I do not understand how anyone acquainted with the word " factor " 
could criticise my use of it in my paper. For the sake of those who are 
ignorant of its significance (and there is at least one among your corre- 
spondents), perhaps I may allowed to make the following remarks. 

There are observed differences between individuals of a species. In any 
particular case, some of the differences may depend on environmental differ- 
ences, some on germinal differences. It is further found that in the majority 
of cases the germinal differences behave as independent unit-differences. 
To the physical basis of such g^minal differences the term “ factor " has 
alwa^ been applied. Nothing is implied as to the mode of origin of the 
diffeitoces, but a term for their existence is necessary. 

In my paper I brought forward some evidence that there are germinal 
differences among the pigs of the New Hebrides, causing some to be inter- 
•exual, some not ; and 1 gave some account of the mode of inheritance of 
the peculiarity. 

xbere are two alternatives. Either there is a physical basis for the 
pecidiarity, or there is no physical basis for it. I leave the second alterna- 
tive to the mystic ; if th? first is accepted, then the term " factor " is that 
which, by common consent, is to be applied to the germinal difference be- 
tween normal and intersexual pigs. 

iVof. MacBride's letter gives the impression that I thought the pecu- 
liarity was " explained " when I had shown it to be due to a factor (or 
laqiors). Those to whom I had the honoxir to read my paper may remember 
thht the greater part of it was concerned with the physiology of the develop- 
tneiEt of mammalian intersexes, along the lines laid down by Dr. Crew in his 
iiajportant paper on the subject. 

1 am continuing my research on the mode of inheritance of intersexuality, 
and when 1 publish my results I will be so bold as to use the word " factor " 
in the sense in which it has been used in textbooks for the last twenty years, 
even though my action in so doing may be regarded by some as the '^dimax 
eff absurdity." 

Yours faithfully, 

John R. Baksr. 

thurrsnaiTY Musxim, Oxford. 

Afay a6, X924, 

3*S 
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TUBERCULOSIS AS AN ERADICATOR OF THE UNFIT 

From Cranston Walkbr, M.D., B.Sc. 

Dear Sir, — In the January number of Science Progress, Rrof. Sir 
Flinders Petrie published a very interesting modem instance of Ms Revo- 
lutions of Civilisation. The article will cause many furiously to think, and 
perhaps so speak. I would humbly question one small item. Sir Flinders 
Petrie says : To make the world fool-proof, is to encourage the growth 
of fools (p. 445). Or at any rate not to discourage. But would that 
matter ? In a fool-proof world, foolishness is without significance. That 
a man is unfit for one kind of world is no necessary handicap to him in 
another. Indeed, there are many who are remarkably unfit for the Kingdom 
of Heaven, but who fiourish provokingly in this world. It is almost 
notorious. 

Similarly, and this is of more practical importance, a weakness in tuber- 
culosis-resistance would be no drawback in a world free from tubercle- 
bacilli. Sir Flinders Petrie likens tuberculosis and other contagious diseases 
to a weed eradicator and considers every step taken against them a loss to 
the future (pp. 444-5). Let us consider tuberculosis from this point of view. 
It weeds out. Certainly. What does it weed ? The tubercular. Who 
are they ? They are those who show obviously some scathe in the battle 
which all fight against the tubercle-bacilli. Hie weeder removes a number 
of these before their normal time. 

Some persons may suffer more than others in the tubercular battle ; the 
reasons may be various, conceivably as follows : 

1. From massive infection. 

2. From specially virulent infection. 

3. From removable handicaps, such as lack of sufficient food, warmth, 
air, light, etc. 

4. From some peculiarity of physiological make-up which diminishes 
defence. 

Such a peculiarity is believed by many tuberculosis experts to be present 
in a number of cases. It is believed in with vastly greater credence by many 
sociologists. This defence-defect may be hereditary, to some extent and 
in some manner ; many sociologists assume its inheritance to be as certain 
as that of hands and feet. It is not necessarily irremediable. 

With persons liable to suffer under headings i, 2, and 3, it would not 
seem ret^onablc to eradicate the persons. Hie question arises concerning 
those with the dcfcnce-defect ; they are often designated “the unfit,'* 
rather inconsiderately. Bui unfit for what ? Only relatively unfit to meet 
tubercle- bacilli in personal combat. I submit that there is no evidence 
that this defence-defect is necessarily, constantly, or even more frequently 
than chance would allow, accompanied by any other defect or unfitfiess 
whatever. On the contrary, among the tub^cular are to be found in greater 
proportion than elsewhere, persons beautiful to look upon, and, even nmre 
abundantly, persons of optimistic temperament — ^both, I suggest, atrii* 
bates worthy of much encouragemeut* Nor is tuberculosis incompati^ble 
with services to mankind, even services of very high and special kmds. 

It is true that tuberculosis imparts no immunity to foolishness ; and 
foolishness, as every doctor knows, gives great assistance to the eradioatton* 
process, such as it is. But tuberculosis has no appreciable effect on tito 
eradication of fools. There are so very many non-tubercular. 

But supposing that those deficient in defence ought to be weeded 6nt 
and destroyed, what kind of a weeder does tuberculosis make ? A good 
weed-ki)ler should be easy of application ; should kill all weeds, quickly and 
cheaply ; and should neither kill nor injure the other plants. Tuberemosia 
is of irregular application. It does not kill all the weeds, but only a snialli 
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propoftion : otberi it merely injures, as by loss of limb, other crippling, by 
yoarg of enforced idleness, or by diminished health. It is not rapid ; it seldom 
kills in a few months ; it spreads the process over years, often decennials. 
It |s therefore not cheap, since the prolonged burden of the partially eradi* 
cated is. for many reasons, shouldered by. the community. It does not kill 
at a convenient time ; it mostly kills when the community has invested a 
good deal of capital in the subject and has only received a little in return ; 
commonly it does not kill early enough to prevent propagation of the stock. 
Further, though this may be unimportant, one would like a human-weed 
eradicator to kill with the minimum of pain ; tuberculosis might be worse, 
on the physical side at any rate, but the &ciety for the Prevention of Cruelty 
to Animals would hardly approve it as a humane killer. 

Nor is tuberculosis innocuous to those who cannot be considered weeds. 
Evidence is lacking that all tuberculous persons had originally the defence- 
defect ; and there is much evidence that normal persons may succumb to 
the massive and perhaps virulent infections to which they are exposed in 
the neighbourhood of the semi -eradicated. Also, being human, the normals 
in these regions are apt to suffer mentally. 

The tubercle-bacilli are thoroughly had eradicators. They are thor- 
oughly bad in every aspect. They are utterly damned. Let us endeavour 
to bring them to complete destruction without misgiving. 

Yours faithfully. 

Cranston Walker. 

June 5, 1924, 


SI 
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rme tsamb of bsultxyxtt: jjt ABSTmAcr (DmvU Uakbh 

barongh Thomioii* iI.A.t B. 8 c.) 

It is now just five years since the theory of Relativity began to attract 
general attention. Familiar to physicists and mathematicians since 1905* 
Professor Einstein's greatest work was little known outside these sciences, 
until it received the unequivocal support of detailed observations made by 
a British expedition during an eclipse of the sun on May 29, I919> 

Since that date, a notable milestone in the march of science, the theory 
of Relativity has commanded attention and admiration in ever-widening 
circles. No scientific advance, since the time of Darwin's Origin of SpsoUs, 
has aroused such general interest. No doubt this is partly due to the maimer 
in which Einstein's reasoning has triumphed alike over insidious false assump- 
tions at the very root of scientific thought, and over such stubborn problems 
as that of *' curved space," which no imagination can ever truly picture. 
Even greater is the importance of the general philosophic results of this 
abstrusely mathematical hypothesis. 

A theory, to justify its existence, must explain known facts better than 
previous theories. The view was formerly held that unending space was 
filled with an impalpable medium called the " ether," through which the 
planets and the stars in their courses swam without setting up any displace- 
ment or " swirl." Waves of light and electricity were waves which travelled 
in the ether, somewhat as sound-waves travel in air. The famous experi- 
ment of Fiseau showed that light-waves made to pass through flowing water 
were not directly helped nor hindered by the current : the light was said to 
travel in the stationary ether. But when Michelson and Morley carried out 
their celebrated experiment, which was designed to contrast the path of 
light-waves in the " stationary ether " with the path of the earth in Ha 
onward nootion through space, they obtained only negative results : the rush 
of the earth through the ether did not show itself. A similar result awaited 
Trouton and Nobto, who unsuccessfully sought to show that an electrically- 
charged condenser, carried through space by the moving earth, would act 
as a ** convection current " of electricity. An explanation of the first bf 
these results was oilered by Lorentr, who suggested that all objects moving 
through the ether became shorter in the direction in which they moved# 
and he set up a series of equations by means of which this shortening could 
be calculated, Einstein's first great success lay in deriving these same 
equations from much more firmly rooted and fimdaxnentol considerations* 
which form his Special Theory of Relativity. 

To illustrate this theory Ekstein and otnm have devised many fictitioue 
experiments* to which another may perhaps be added. Let us suppose 
that a ship is tiding at anchor, with its stem towards us, and that the captain 
on the bridge causes lights to be shown at the bow and rise stem at what 
appears to him to be the same instant. But to us, if our eyes w ere quick 
enough to see it, the signal from the bow would appear later than the bthert 
since the li^t has fsrther to travel by the whole length of the ship. This 
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aJmdjr gives us a hint of the way in which the speed of light requires con- 
afaieration in all such measurements. Einstein also insists on the point 
that we are quite as correct in calling one signal a little late, as the captein 
in supposing the two to be simultaneous ; it all depends on tl^ point of view. 
Moreover, if the ship now starts to steam away, and again to send out light** 
signals from bow and stem, the situation will he slightly changed : for now 
a minute fraction of the time the light from the bow takes to traverse the 
length of the ship will be compensated for by the forward movement of the 
vessel. The difference in time between the two signals will now seem to us 
to be slightly less than before ; and, as we can readily use this time-diffearenoe 
to find the distance from bow to stem, the ship will appear to us to be shorter 
than when she was at rest. In general, these equations of Lorentz and 
Einstein differ from the simpler classical ones in that they do consider the 
velocity of light, instead of assuming it to be infinitely great. Light of 
course travels at so great a speed — 186,000 miles a second — that the differ- 
ence between the ol(i and new is hardly ever appreciable. 

The Special Tlicory of Relativity deals not only with len^hs but with 
time. If we imagine a clock rapidly receding from us, it will seem to go 
slow, since at each second the light-waves by which wo read the clock will 
have farther to come. Wherefore time is no more absolute than length 
has been found to be. After all, as Bergson has pointed out, all our measure- 
ments of time, by clocks, stars, or what not, are in reality measurements 
of a distance travelled. In a more complex manner Einstein shows that the 
weight or mass of an object increases if the object be set in motion. This 
argument can be rearranged to lead to the result that the energy of the 
motion has a certain weight of its own, which is added to the weight the 
object shows when at rest. That this is indeed true of every form of energy 
is the most important result of the Special Theory of Relativity. 

But this Special Theory, which concerns itself with uniformly moving 
objectvS, is incomplete. To complete a general theory, which should include 
motions of all descriptions, even the most complex, took Einstein years of 
labour in the most abstruse mathematics, and led him at last to a wholly 
new picture of the universe. 

Minkowski had already elaborated a picture of the universe, or ** world,'* 
in which time was the fourth dimension, and throughout which the Special 
Theory of Relativity could be applied. Minkowski’s ** world ” was of 
the nature of a four -dimensional Euclidean continuum. An example of an 
Euclidean continuum in two dimensions is the surface of a flat -topped 
table — a surface upon which Euclid's propositions can be worked out. We 
know that if our tabic be ruled out as a draught-board, we can locate any 
point on it by means of two numbers : so many squares along, so many 
squares up. It is easy to imagine a room ruled out in some sudx way that 
tmree numbers — length, breadth, and height — would flx any point in it. 
Minkowski's '* world " of four dimetiMons might be measured out in some 
such way. 

But Einstein held that the world of four dimensions was a non-Euclidean 
continuum — a much more complex matter. A non-Euclidean continuum in 
two dimensions is the surface of a ball, or an egg, or any uneven and hum- 
mocky surface. Euclid's propositions cannot be worked out on a rumpled 
Oushm, nor can draught-TOard squares be flattened out on such a surface. 
The map-maker's difficulties in representing the convex surface of the world 
on a flat sheet of pdper are well known. But Gauss had long ago found 
a method of locating any point on any such surface by two numbers, by 
an imaginary ** draught-board ** pattern all twisted and askew ; and the 
S^t mathematician Riemann showed that Gauss's numbers could be 
applied to a non-Euclidean continuum of three or more dimensions, im- 
poSrible as it is to picture such a thing. Einstein's triumph lay in being 
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able, by meane of his Genera] Theory of Relativity, to apply the esttely 
abstract work of Gauss and Riemann to actual probfems in tbe four^meiio 
sional non«£uclidean continuum of time and space which is our universe. 

According to Einstein, the presence of any mass in space — ^for example, 
the sun — causes a warping or straining of the four dimensions of the sur« 
roundina space, just as the two-dimensional surface of a rubber balloon is 
warped by a weight resting upon it. Certain puzzling irregularities in the 
path of the planet Mercury were exactly explained on this view, that the 
planet was making its way through a time and space distorted by the presence 
of the nearby sun. Moreover, it was to be expected that rays of light from 
distant stars would be affected by this distortion if they passed near the sun 
— and this is what was proved so strikingly just five years ago. Pursued 
to its rational limits, this theory leads us to believe that the distortions of 
space caused by all the stars and their satellites average themselves out 
in such a way that the whole universe, though boundless, is of definite size. 
A circle, though endless, is of definite size ; and the surface of a sphere, or 
an egg, is also without limits. Further than this, imagination cannot carry 
us, but the Dutch astronomer De Sitter has calculated that the diameter of 
the endless four-dimensional universe is some five hundred million million 
million miles ; the most distant nebula seen in the heavens is perliaps one- 
tenth of this distance away. 

But the theory of Relativity, which has assumed such importance in the 
gigantic tasks of measuring the universe, has not been unfruitful in another 
and very different direction, in the modem science of atoms, the most minute 
particle of matter. The simplest of these, the atom of hydrogen, consists 
of a small planet or electron revolving round a central nucleus, or sun. Accord- 
ing to the Danish scientist Niels Bohr, the planet electron, when charged 
with energy, can jump from one path to another — as if the planet l&rs 
were to leap inwards to share the earth's orbit — and at each such jump 
light of a definite colour is emitted. The total series of the various coloum 
which hydrogen can emit is called its spectrum, and by means of its spectrum 
hydrogen can be recognised, for example in the light from distant stars. 
Sommerfeld has shown that the path of the planet electron may be now a 
circle and now an oval of similar size. But in the oval track the electron 
moves at varying speeds and therefore, according to the theory of Relativity, 
with varying weights. These minute variations of weight find expression 
in the spectrum as very slight changes in the light given out ; and the^ 
correspond so well with the results calculated by mathematics that the 
theory of Relativity is said to bo proved by this alone. There is, at least, 
much to be said for a theory which in five short years measures the boundless 
universe and unldcks the secrets of the atom. 


■mnur vntm ccheodm h. suvonr, bjl.) 

The spider's web is unique in all the animal kingdom— unique in several 
wa^, commonly overlooked. It is the only trap, save one, that any aniTual 
builds, for only one other creature constructs an object that traps and snares 
its prey as does the spider's web. One of the remarkable facts of soology is 
that no member of any other phylum has ever evolved the same idea, imitated 
the spider's web, and proceeded with convergent or even parallel evolutiem. 

So efficient a methM of obtaining food does a web provide, that a web^ 
spider hardly ever employs a sense save that which the use of the web 
demands. The sense of touch is accordingly developed to an extraordinary 
degree of delicacy, until the relation between the spider and its web is tas 
clMst possible. The web, in fact, has become an extension of the organs 
of touch, and enables the spider to leel the arrival of chance visiters 01 
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atnonnui mates in a wide area. And yet the attention 6t armchnologtots is 
always devoted to the spider and hardly ever to the web* 

13 ie manufacture of this absolutely essential acoessoi^ to the spider's 
life is dearly a vital process, and it is important to realise that it is perxonned 
by a series of actions in which intelligenoe takes no share. An entirely 
eaeusable admiration for the beauty of the finished product, the web, must 
not be allowed to blind us to the fact that it is produced by a series of actions 
which, although they may contribute to individual experience, can be 
carried out perfectly on their first performance in the absence of experience. 
Further, they are adaptive in the strictest sense to the well-being of the 
individual and to the continuance of the species. 

Such typically instinctive actions depend on the inherited structure of 
the nervous system and not on the inheritance of intelligently acquired 
habits. The intelligence devoted by a spider to its web is readily seen to 
be of a primitive order, all intelligent actions being those that demand 
acquired characteristics in the nervous system, the results of the relation 
of the organism to its environment. 

For example, a spider in the comer of its web is stimulated to rush out 
and attack an enmeshed insect by the vibrations of the silk threads. It 
will attack a tuning-fork that is used to shake its web in the same way, 
for a certain time. On each occasion that it runs out to the fork it is per* 
forming an instinctive action, but so soon as it refrains from running out 
it is es^biting intelligence. If it were capable of instinctive actions only, 
it should continue to run out indefinitely as often as the fork shook the 
web; but in its capacity to learn it shows itself, to that extent, intelligent. 
In an hour or so it will, however, attack the fork again. 

It is, indeed, to be questioned whether the particular instinctive actions 
involved in web-spinning do make any contribution to individual experience. 
The educated spider, which refrains, even temporarily, from attacking 
the fork has profited by experience and shows that it has done so by modi- 
fying its behaviour. In common parlance, it is becoming wiser and im- 
proving with practice. Thus to profit by individual experience is the 
only evidence we possess of any inward consciousness of the experience 
itself. 

In the act of spinning a web, a spider shows no sign of profiting by experi- 
ence from birth to death. It never spins more quickly or more symmetrically 
or in a series of better and better chosen places. It never improves. There- 
fore web-spinning may be an unconscious act, an act that makes no con- 
tribution to experience and thus afiords no data by which the individual 
spider can profit. It may seem a startling idea to suppose that a spider 
is all the while unronscious of the complex, co-ordinated actions which it 
performs in spinning a web, and the incredulous may prefer, perhaps, to find 
the spider merely unconscious of the connection between spinning a web 
and subsequently catching a fly. Be that as it may, the fact remains that 
we have no evidence of consciousness in either case, while wo have familiar 
evidence of unconsciousness. It is a common cause for wonderment that a 
spider should spin a web in such an absurd place as the inside of a sealed 
museum-case, or even more absurdly in the small cages from which they 
liave found escape impossible. It is very difiScult to interpret such acts U 
they be supposed to be conscious. 

WMM KWm mWBWnBMTHWKa AMPBOM Ol* TXS STBITCKIUI 

marwmsm amimmxm urn vulkvu (e. Maos* rxA) 

In the universal struggle for existence, the most clearly defined is that 
between animals and plants, because, while the plant is able to obtain all 
its requirements from the abundant air and the inorganic matter contained 
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in the soil, the animal must procma its food from the vegetable. A iav 
parasitic plants and some low forms of life which Nourish on decaying 
animal matter are the only exceptions to this rule. 

Whether regarded as antagonistic forms of life, or as higher and lower, 
one deriving its support from the other, the problem to ^ solved is the 
same. There must be an exact balance between the capacity of the animal 
to cox:sume and the power of the vegetable to avoid consumption. In 
trying to find out how this balance is secured, we are led into intricate 
paths, and find it necessary to study the most trifling organs of animals 
and plants : in any special direction, as, for example, the form of the repro* 
ductive organs of entomophilous plants, there is material for a life-^tudy. 
In the present paper I am merely trying to indicate the most general 
means by which plants escape destruction by the animals which subsist 
upon them. 

The fact that they are fixed in one place, and have no organs of sense 
or feeling, deludes us into the belief that plants play a passive part, while 
the restless animal, continually seeking its food, seems to be the aggressive 
party; but facts prove that the apparent passivity of the vegetable masks 
a deliberate ofiensive, aiming sometimes at the very life of its enemy. 

The most widespread protective measure adopted by plants is the storage 
of food-material out of reach. This plan serves a dual purpose, for it is 
equally efiective against the rigours of weather. In biennial and perennial 
plants there is usually a seasonal shedding of leaves and temporary repose 
of the circulation. In temperate regions, low temperature, and in hot, dry 
countries, inadequate moisture, are the conditions which render this sus- 
pension of functions necessary. On the return of genial conditions, activity 
and growth recommence with a vigour corresponding to the amount of food- 
material stored during the previous growing period. 

Roots provide interesting examples of the way this storage is carried 
out. Each has advantages under special conditions. The plant has to 
face, during the resting period, the danger of having its stored material 
taken by animals rendered more alert by shortage of the leaves which form 
their chief support. The simplest and most natural method of storage is 
that of the turnip, in which an enlargement takes place at the junction of 
the stem with the root ; anyone who has seen sheep or goats nibbling 
down turnips till nothing is left but the thin taproot must realise that this 
is not the most efficient system. Nevertheless, by providing an abundance 
of easily reached material, the plant to some d’xtcnt safeguards the more 
vital root below. 

There is a slight variation in such plants as the carrot, which taper 
gradually to a point, so that as the animal gnaws from above its task 
becomes increasingly difficult, until it is more to its advantage to find 
another root than to burrow continually at one. 

A more ofiective form of root storage is found among those plants which 
are fibrous rooted. Plants with bulbous roots are only effective in deep 
moist soil, for there is no danger of their moisture supply being out of reach. 
On dry soils, especially where only periodic rains occur, these deep-seated 
roots would be unable to respond to surface showers* 

The mort widespread and persistent of all forms of plant life are the 
gmsses, which comprise one-sixteenth of all toown species,, while in indi- 
viduals they outoumber all other forms of plant life. This predominance 
18 due to ^ direct and simple manner in which they have solved the 
problem of survival. Instead of storing all their food material in one 
monslwus packet, they divide it into iiiumeiable portions, so that should 
an animal attack the root, there is always a probability of soma portioii 
surviving. This distribution also enables the storage to be effected without 
undue penetration of the soil, so that the plant ca n respond more quickly 
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to tibe lofliienoe of warmth and moisture. The rapidity with which grase^ 
apparea^y burnt up completely, becomes green i^ter a few sliowers is a 
fact of common observation. 

Trees; ^tu^be, and other plants which maintain a permanent stem, carry 
only a email proportion of reserve food-material below the ground. Most 
of & is added to the stem in concentric layers. As each layer is added, the 
one below loses its vitality and is no longer available as food, while serving 
as a support. The soft material on the outside would be vulnerable, were 
it not for the protective skin which forms over it. Against most animals, 
this is sufficient protection, but there are some specially adapted as gnawers. 
To guard against these, many trees develop numerous layers of ^d, un- 
palatable bark. The tree is, indeed, an outstanding example of the way 
m which the vegetable may gain complete ascendancy over the animal. 
Trees are the longest-lived forms of life. Not only have they succeeded, 
by forming the tough protective Ixurk, in protecting their food-reserves, but 
by pushing out their new growth higher and still higher, they place the 
leaves out of reach of the normal vertebrate animal. The competition which 
has taken place in this direction is exceedingly interesting to contemplate. 
The still living giraffe is one terrestrial creature remaining to show bow 
the animal strove to meet the situation by increasing stature, but the im- 
mense size which trees attain seems to indicate that animals reached much 
greater heights than the giraffe before they were beaten. There is, in fact, 
abundant proof of the former existence of gigantic herbivorous animals, 
which were probably protagonists in this struggle with the victorious tree. 
I do not know that it is founded on substantial facts, but 1 believe this 
simple habit of trees may account for other animal developments besides 
increase of stature. Watching domestic fowls jumping up to reach the 
leaves, one is led to wonder whether this is not a stage in retrogression from 
flight, which was passed in progress to it. 

A common means of protection is the development of thorns and prickles. 
There is a fundamental diflercuco between the two which is worth notice. 
The thorn is a hardened growing point of the plant, directly connected with 
the inner layers of the stem, while the prickle is a modified hair growing on 
the skin. The thorn is more specially identified with young growth, and in 
many plants, such as the plum and holly, thorns are produced less freely 
on the upper portion than the lower. Pdckles arc intended to protect the 
stem and leaves after growth has become more advanced, and the gradual 
evolution of the formidable prickles of the rose and bramble may be traced 
from the simple hairs which, in the beginning, were perhaps sufficient to 
protect the stems. The number of animals whose mouths are so hard that 
they can consume thorny and prickly plants is very limited, and the survival 
of these in deserts where thorns and prickles are the rule is due more to their 
habit of browsing lightly and on many plants, instead of eating one down 
to the ground, than to their indifference to the sharp weapons with which 
the plants are armed. 

A more subtle means of protection consists in the formation in the plant 
of substances which are poisonous to animals. Under this head may be 
included, not only those which are fatal, but others which produce unplea- 
sant eflects, such as vomiting or pain, and those which are merely distaste- 
ful to the palate. Sdmetimes there is nothing to warn the animal of its 
danger. Even in the abundance of good pasture, cows will sometimes eat 
greiwly of the fatal yew. On the other hand, there are plants which certain 
animals .will not touch, though no harm ensues should they do so. Gpats 
will eat the common stinging nettle, rejected by most mammals, quite 
readily, but they reject the dead^-nettles, hedge staebys, and black hocre« 
hound when pastured. If these are present in a mixtture given to them in 
the stall, they eat it with the other material, without ham. When they 
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Itave an opportuni^ ol Belectkm* tha smell of these rank planti appears 
to be distasteful. This modifies the old belief that animab insilsmi^y 
avoid what is bad for them. It is clear that the plants most, 4Ucely to be 
relished by animala stand most in need of protection, and among such, 
ot^ectionable smell and taste are the most efiectual. Plants siidi as bella- 
donna and aconite, which are fatal to many animals, are not by cmy meaijs 
abundant, so that the development of this property to its full extent carries 
no sjindal advantage. The effectiveness of this form of protection is well 
seen in the buttercup, which causes blistering of the mouth and is rarely 
eaten by cattle. Its abundance under conditions in which scarcely any 
other plants but passes and clovers survive is abundant testimony to ti» 
value of this provision. 

IPtom the protection of self to that of race is only a step, and the piw- 
ciples which govern the storage of reserve food or the protection of vital 
points operates in the production of seed. Plants of short duration special- 
ise in rapid growth and seed production, wasting no material in storam. 
As soon as drought threatens, the annual haistens to produce and scatter its 
seed, and so secures its race, even though itself be consumed in the subsequent 
scarcity. 

The perennial is not so readily able to produce flower and fruit, and so 
jprovide for the future of its race, at the expense of its own exhaustion, but 
its method of securing future generations is none the less studied and 
guarded. Its flowers are generally produced in great profusion, and at a 
season when abundance of foliage renders them more or less immune from 
consumption by the larger animals. Its fruits also are provided with many 
and varied devices, enabling them to be distributed over a large and varied 
area of country, affording endless possibilities of settlement in suitable 
env^nment. Wmgs, hooks which cling to the hair of animals and other 
devices are familiar, but the most interesting is that so widely prevalent 
among trees and shrubs, which actually turn the appetite of the animal to 
their own advantage. Countless seeds are surrounded by two coats — the outer 
a soft, fleshy, appetising pulp, readily consumed by birds and mamxnala, 
the innw hard, stony, and resistant even to the acids of animal digestion, 
preserving the vital germ uninjured, to be cast forth on the ground, perhaps 
miles from its parent. 

Although the struggle between plant and mammal is still active, its most 
violent phase seems to have passed. The recuperative power of grass 
enables it to feed an endless number of herbivorous' mammals, without harm 
to itself, while the tree has long since beaten out of the field all its verte- 
brate antagonists. The strongest enemy the plant now faces belongs to 
the invertebrate animals, and the insect, by its extraordinary capacity for 
multiplication, seems at times as though it would annihilate vegetation, 
to the height of summer foliage a mighty oak may be stripped of every leaf 
by an army of caterpillars, while an invasion of locusts can, in a few hours, 
^mpletely destroy thousands of plants. The never-ending fight goes on, 
the nature of the attack changing as the attacked evolves new means of 
pmT 3 rag it. to the long-rim, the vegetable must triumph, if the animal 
also M to smvive, for as surely as the former vanished would the oth^ 
perish with it. 
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a review of (i) Canoar Besearoh at the Middlesex Hospital^ 1900-1824. 
Retrospect and Prospect. Edited by W. Sampson Hakdlev, M.S.. 
F.R,C.S, 90.] (London : Published for the Middlesex 

Hospital Press by John Murray. 1924. Price 3s. 6 d. net.) (2) The 
Elncidation 0! Cancer : an article by Dr. Louis W. Sambon. in the 
Journal of Tropical Medicine, June 2, 1924. (3) Cancer : How it is 
Caused and how it can be Pr^ented. By J. £lus Barker. With 
an Introduction by Sir W. Arbuthnot Lane. Bart., C.B., etc, 
[Pp. 432.] (London ; John Murray, 1924. Price 75. 6rf. net.) 

Cancer Research at the Middlesex Hospital* 1900-1024 


For the last quarter of a century Middlesex Hospital has had a special 
laboratory devoted to cancer research. Long before that, indeed since the 
close of the eighteenth century, it had wards for the reception of cancer 
cases, so that those who maintein that the study of the disease from the 
clinical point of view has been neglected or that purely clinical investigations 
are capable of contributing more to progress than laboratory researches 
have hero an example on which to meditate. Of late years we have not 
hoard much of the activities of the Cancer Research DejWtment : the war 
put an end to the annual publication of the contributions of its staff ; and 
though the editor of this small book insists on the excellence of the 
machinery available, we ^t the impression that, at the present time, it is 
scarcely functioning at high pressure and that, in comparison with other 
institutions engaged in cancer research, its output is restricted. It may be 
a question of toance, which, it is to be hoped, will soon be adjusted, for no 
laboratory nowadays can hope to attract to its service and retain for any 
length of time the right type of worker unless it can offer him something 
approaching a bare sustenance salary. They have not done so in the past, 
and the critics who roundly assert that cancer research has been sterile and 


who might fail to recognise in this retrospect of work done at the Middlesex 
a convincing refutation of thoir assertions should remember that the staff 
of this laboratory for the most part has been composed of young men who 
served it for short periods before passing on to more attractive or lucrative 
pursuits. Under such circumstances all that we can expect to hnd will bo 
short or incomplete studies on isolated subjects that jnsLy or may not have 
important bearing on the main problems of cancer. C 5 f course, if a dis- 
covery of prime magnitude should be made, it can be developed under such 
a policy, but Middlesex has been rather unlucky in this respect and seems 
to have lagged behind in the development of discoveries made elsewhere. 
Thus the discovery of the transplantability of animal tumours with all its 
potentialities was not exploited ; indeed, such researches were opposed at 
mt, and were only undertaken after the limitations of progress had been 
sa&snd by others. Tissue cultivation in vitro found no devotee at Middlesex 
td apply the technique for the elucidation of questions of growth or meta- 
boUsm in neoplasms* Above all, the experimental production of cancer. 
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which is the dominant feature In research to-day and which fmlihes a 
direct means of attack on the fundamental problems of etiology; has been 
left to others. 

The clinical and autopsy records of cancer cases extending over a long 
period of years supplied excellent material for numerous statistical stipes 
and several very useful papers were the result^ dealing with age incidence, 
site frequency, hereditary influences, and routes of dissemination of tli^ 
common forms. The wealth of material provided from the operating thei^ 
and the post-mortem room was utilised in histological researches of very 
varied character. Though some of these, probably the majority, are mainly 
of the descriptive order and others of a controversial nature, yet there are 
a few of outstanding merit. The cytological observations of Farmer, Moore, 
and Walker attracted great attention at the time : they had rediscovered 
the fact that in many malignant tumours the cells departed from the somatic 
typo in having only half of the usual number of chromosomes ; to ^m 
tins reversion to reproductive type furnished the explanation of tl:^ limit** 
less proliferation of cancer, for the ** imsatisfied affinity '* demanded union 
and reproduction. Bonney was successful in demonstrating that the same 
phenomenon of reduction of the chromosomes occurred as frequently In 
tumours of low malignancy, and he clinched the matter by showing that in 
80-callod venereal warts, wffich never become malignant, the same diminu* 
tion of chromosomes can be found. The same worker was responsible for 
some fascinating studies on ** precanccrous conditions : from histological 
analyses of early cancers, and of lesions which he believed to be frequent 
precursors of cancer, he showed that there were profound changes in the 
connective tissue preceding the irruption of the epithelium. The under- 
l3dng h3q)othc8i8 of altered stroma as an essential to cancerous proliferation 
of e^thelium was not new, but Bonney gave it a surer basis. The matter 
is still disputed. According to other observers, the loss of sub-epithelial 
elastic felting, the aggregations of plasma cells, and the other cluuracterB 
on which strength is laid, are not constant in early malignant tumours 
may occur in lesions which never develop malignancy. 

Perhaps the best piece of work emanating from the Middlesex labora- 
tory and certainly the one that has attained most widespread recognition, 
especially amongst surgeons, is that of Handley, who edits the present 
booklet. He maintained that cancer, starting in such an organ as the mam- 
mary gland, spreads centrifugally by continuous permeation of the lym- 
phatic vessels, and that there is within this increasing ring a reparative 
nbrosis on the part of the connective tissue which tends to destroy the 
cancer cells in the lymphatics and may succeed in obliterating all traces of 
them. With regard to the latter, it may equally be maintained that the 
fibrosis takes place only after the cancerous cells are dead and does not come 
into play whilst they arc alive ; and with regard to the former, that con- 
tinuous permeation of lympliatics occurs only in directions against the 
flow of the l3rmph stream in contradistinction to embolic spread in the direo*** 
tion of flow. No one who has had opportunities of investigating the ques- 
tion will deny that in advanced cases a permeation of the deep lymphatic 
plexus (in breast cancer) can be demonstrated far down on the abdominal 
wall and that there is much reason in Handley's operation in removing the 
deep fascia extensively, but it is still very doubtful if it is more liable to 
be involved than the chest wall in the immediate vicinity. But, however 
we may difler from the author in these particulars, we must recognise the 
value of his work as a whole and welcome his contributions to that muds* 
neglected, but ^ry useful, branch of cancer investigation, surgical path- 
ology. /It is a pity that we cannot induce young surgeons in the tO 

devote their time to such researches, for only in this way we hopt fW 
improvements in the surgical treatment of cautoet. 
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0( tfa6 contributions of the Director of the laboratorjr, Prot Lasarus* 
Bariow (who has recently retired), which have been mainly of a Uophysical 
character, it is difficult to assess the value, for his findings have not been 
assimilated either by physicists or pathologists ; but if he succeeds, as I 
trust he will, in infusing the spirit of investigation and experimental inquiry 
into those who work with radium and X-rays in the treatment of cancer, 
he will have performed a great service. 

lha Bliuddatlon of Canoer 

A new epoch in cancer research was inaugurated by Fibiger of Copen- 
hagen when he published over ten yoais ago his first communication on 
Spifopieta caroituma of rats* He discovered a large number of rats with 
cancer of the cardiac end of the stomach, a lesion which had never pre- 
viously been encountered, although hundreds of thousands of rats had ^n 
examined for malignant tumours. In these gastric tumours he found a 
nematode of a new species to which he gave the name of Spiropiera neo^ 
plastica {Gongylonema neoplasiicum). He showed that the relationship 
between the neoplasm and the worm was not merely an accidental associa- 
tion. The adult worm lived in the epithelium of the fundus of the stomach 
of the rat and the larval stage in the cockroach Peripianeta americana, 
which had been imported with consignments of sugar from the West Indies. 
By feeding laboratory rats on infested cockroaches, Fibiger succeeded in 
producing carcinoma of the rats* stomach. This was the first time that 
cancer was produced experimentally, l^t year Dr. Louis Sambon had an 
opportunity of becoming acquainted with Fibiger *8 experiments, but I imagine 
hie has not made himself familiar with the details or with Fibiger *8 extensive 
writings. Sambon, at the same time, heard from somebody that cancer 
was very prevalent in the Italian province of Romagna, and as he had for 
a long time entertained the idea of a connection between cancer and house- 
hold pets, and with that end in view had studied rats, mice, cockroaches, 
mealworms, and bcd«bugs in London, ho concluded that here was the clue 
he had sought for, and in Romagna was the material to investigate. He 
brushes aside as being of no consequence the claims of experimenters to 
have produced cancer in animals by repeated applications of tar and other 
substances ; in fact, the irritation theory of cancer meets with his con- 
demnation, although Fibiger is one of its most enthusiastic adherents, and 
although the great success that has attended its experimental exploitation 
has appealed to those specially engaged in cancer research the world over. 
Arriv^ in Romagna, ^ where he spent five weeks in field investigation, ho 
teamed from conversations with local medical men that cancer was ateut 
tluree times as common in that district as it was in the rest of Italy, that 
they believed its incidence to be increasing, that it was unequal in its topo- 
graphical distribution, and that there were localities and even blocks of 
houses where aggregations of samples were notorious. A radiographer 
whom he met had particularly insisted on the prevalence of cancer in the 
car^^ end of the stomach, and a statistical paper by Testiand Galli showed 
that the majority of the cancers in Romama were situated in the ali- 
mentary tract or in or^s closely associated with it. He learned also of 
several instances of animals suffering from cancerous disease, dogs, cats, 
end bam-fowls, being found in dose association with human cancer cases, 
iiaving inspected some houses in which a few people were reported to have 
died of cancer, he discovered that these houses and more particularly the 
were invariably infested with Blatta ofi$fUali$ and that rats 
Hhd tnioe limie everywhere. That, apparently, was all that he discovered ; 
the rest is w merest speculation mixed up with discursive remarks on 
Soman history, tjropical parasitology, climatic conditions, customs, and the 
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fkm and fauna of Italy. Tbo auggeation aeenw to bo that tba cauMd Wieht 
of cancer is conve 3 ^d by quite a host of different parasites that inhapt a 
large variety of invertebrates. For example^ he states that oockroappSi 
tned^beetles, meal-moths, cellar-beetles, and woodlice all harbour in their 
body-cavity or musculature the encysted larval forms of various round and 
flat worms which spend their adult stage in the alimentary tract of dofaas* 
ticated animals and man, but the most important of these are certain 
Spiruroidea of the genus Gongylonma. Whether he has personally verified 
tMs or only suspected it does not emerge from his communication, but, at 
any rate, the parasites merely act as the carriers of the supposititious cancer 
germ. In sh^, his theory, as far as I can learn fi’om his paper, is that in 
cancer we have to deal with certain cockroaches, meal-beetles, and possibly 
also dung-chafers which are capable of fostering and dissemina^g the 
young forms of Spiruroid worms of the genus Gongyhmma ; the mature 
Gongylonema gains access to the alimentary tract and more particularly 
the oesophagus and the cardiac end of the stomach ; and here soma uU- 
quitous micro-organism, possibly ultramicroscopic^ favoured by the activi- 
ties of the worm, may invade the tissue cells and give rise to malignant 
growth.'* To anyone who knows Fibiger’s work and the twenty-years-old 
hypothesis of Borrel, the origin of Samba's theory will be evident. In other 
words, Sambon has served us a dish compounded of uncooked Fibiger and 
overdone Borrel dressed with speculative sauce d la mattr$ d*hdtsl. We have 
long awaited, and in all probability shall never see, the materialisation of 
the recondite cancer germ, ultramicroscopic or otherwise, but surely Dr, 
Sambon might have provided for us one solitary little demonstration of a 
Romagna cancer containing one of these gongylonemata, something definite 
and concrete on which our minds could dwell. If only he had done that, we 
could have forgiven him all the rest. 

Oiaoer : How it is Caused and how it oan be Prevented 

There is probably no subject in the wide range of biology, certainly none 
in medicine, on whic^ more nonsense has been written tbwi on cancer, and 
yet no other group of diseases has been more extensively studied and ex- 
plored. The ancient idea that it was a general rather than a local condition, 
the common use of the word as a specific and not a generic term, the failure 
to appreciate it as a tissue reaction quite as distinct and as general as the 
inflammatory reaction, the m3rth8 and cloudy speculations that have 
accumulated around and obscured the palpable facts, and, above all, the lack 
of success that, until recently, attended the efforts to produce cancer ex* 
perimentally in lower animals, combined to make the subject the happy 
hunting-ground for uninstructed prophets with uninspired doctrines. Arm-, 
chair speculations seem to possess a fascination not only lor the public who 
are not in a position to learn, the facts, but unfortunately also for many 
medical men, distinguished in their particular walks in life, who ought to 
know better. Here we have a book on written by a journalist who 

has apparently devoured, without being able to digest, a great deal of the 
voluminous literature of cancer. He has been aided and advised by the 
well-known surgeon. Sir W. Arbuthnot Lane, as well as bv others whom he 
hails as authoxraes, whose views, good, bad, or indiffeient, shine to 
him as scientific truth. They urged liitw ** to take up the investigation Of 
the cancer problem," they informed him " that the inquiries of those engaged 
in research had yielded hardly any practical results, that the mvsterv of 
cancer was as great as it had been in the past, that scienoe Imew peacticaliif 
nothing as to how cancer was caused, possibly an wm&wTSM 
succeed where prodtoMiional research Had failed/ When I inquired mncM' 
closely into tba cancer piobleai I foosd that piMti^y all sdantkti, 
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fDoni, and ^bysidans detpairod.** In this n&relleved atmosidim of gloom 
So ant tenth on hia quest, dauntless and unarmed — ^very much unarmed ; 
but lie has brought back the golden deece. Sir W. Arbuthnot Lane is in- 
clined to regard Mr. Barker's book as easily the most important practical 
work on cancer existing in English or in any other language/' and he bett 
us to listen attentively to what he has to say. We have listened, and tw 
is what we remember of the discourse. Cancer is a disease of civilisation, 
unknown amongst primitive races, increasing like wildfire, and caused by 
the prolonged action of bowel poisons. These bowel poisons result from 
intestinal stasis caused by vitamin starvation and by the ingestion of faked 
foods. Lane has been preaching this doctrine for years ; Mr. Ellis Barker 
introduces it to the masses. Each of the principal statements in the book 
is backed up by quotations, some of them at inordinate length, from the 
writings of medical men whom he cites as authorities. The thesis that 
cancer is a disease of civilisation is easily disposed of. Even if we had no 
po^tive evidence on the point, we could judge from our own statistics in this 
country, where doctors arc common and the people seek their advice for the 
roost Mfiing of ailments, how frequently on the average a case of cancer 
would occur. A medical man in this civilised community encounters less 
than two cases a year on the average. The less civilised a tribe is the 
less the opportunity will there be for cancer to be discovered, and any state- 
ment by a medical man who sees them occasionally that he has not come 
across a case of cancer does not prove that its occurrence is less common 
than in England. We have, however, sufficient evidence of a positive nature 
to lead us to believe that cancer is no less common in primitive races than in 
our own civilised country. It was commonly said, for example, that cancer 
was rare or non-existent in Greenland, and the statement is repeated in this 
book s but a recent survey by the Danish Government has b^ published 
^ Fibiger, who shows that it is as common there as in European countries. 
That cancer occurs in all sorts of animals, mammals, birds, fishes, etc., is 
sufficient to disprove the idea that its occurrence is essentially connected 
with civilisation. 

The second contention that cancer is increasing at an alarming rate is 
not borne out by mortality statistics carefully interpreted ; indeed, several 
of the best statisticians who have gone into the question can find no evidence 
lor believing in the actual increase of the disease. It must be remembered 
that the material on which mortality statistics are founded contains, as far 
ia cancer is concerned, a high percentage of error, and any conclusions drawn 
from them are to be accepted with great caution. 

The main contention, the theory of Arbuthnot Lane as I understand 
it, that the absorption of products of intestinal decomposition conveyed to 
various parts of the body induces cancerous proliferation, is pure speculation 
and rests on no proven bases. The cancers of animals, as far as we can 
determine, are not allied with any constipated habit nor with the presence 
of intestinal " kinks," nor is there anyone outside of Lane’s entourage who 
maintains this in the case of the human subject Even the very indirect 
evidence that Lane cites as bearing out his Ideas is much discounted. Ex- 
perimental verification of his hypothesis should long ere this have been per- 
hrmed by some of bis followers. I^mnally I have injected into the lower 
bowel of a large number of animals for periods of nine months several of 
the products of intestinal putrefaction without inducing any lesion whatever, 
loom or otherwise. Until Lane taring forward somethmg like scientific 
evidence for his belief, the constant xeHemtion of Ms assertions leaves us 
cold and the popular promulgation of his doctrines may do harm. 

But even if we granted all the contentions, we are still unable to see 
bew cancer can be associated intimately with civilised dietary. It is surely 
JWoiHart If modem dietetic customs wete so very bad in comparison with 
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those of primitive races, that the average expectation of life amoQgri^ .rivIliaed 
races should be incomparably higher than amongst undviliaed* htost 
of us would prefer to enjoy such food as our coolm and restaurants provide 
us, even at the risk of dying; of cancer at seventy, than dine on the unappetis* 
ing dishes of savages and die at forty. 

ncs HTBIUr OXABAOTSB. By sir H. Ross. Being a review of 3 
India : a Bixd*a-l!ye VleWt by Tan Earl of Rohaldshay. [Pp. xiii ^ 
322, with 24 illustrations.] (London : Constable St Co., 1924. Price 
184. net.) 

Lord Ronaldshay was Governor of Bengal for five years after 1916 and 
has written several books on the East, especially his Lands of the Thunder- 
bolt — with which many of our readers are doubtless familiar. I have been 
much impressed by the work under review. It gives us a rapid but philo- 
sophical account of the greatest of our possessions. Of course a work of 
314 pages on the subject can be nothing more than pemmican ; but pem- 
mican may be good or bad. Lord Ronaldshay's book is not only historical 
and descriptive, but also analyses many of the principal political problems 
of the day, and even renders a short but excellent account of the malaria 
problem in India, with some words on hookworm disease — all quite sound. 
His three concluding chapters deal with pessimism in India and its causes, 
and will be found to be of great interest to men of science. 

I quite agree that one of the most characteristic points about the Indian 
in general is his gravity, if not melancholy. When I was in India (Madras) 
the people always struck me as being physically feeble and mentally more 
or less depressed. The physique improves in the northern territories, but 
the indefinable lack of buoyancy remains. One seldom sees open-hearted 
or boisterous laughter in Indians. When they do laugh they are generally 
considering some sardonic jest, which is not always of a pleasant nature-^ 
the laughter is chiefly risus cants. This character prevails tliroughout the 
people, among the rich, the poor, and the very poor. Yet the similarity 
of the Indian type to the Ar^^ races of Europe is very manifest, and one 
sees Indians who, but for their clothing, the colour of their skin, and their 
gravity, might even be Englishmen, Germans, or Frenchmen — which is 
seldom the case in the inha^tants of North Africa for example. For the 
true philosopher, that is the scientific philosopher, there is no country which 
gives more food, for thought than India ; but hard Ronaldshay^s book 
makes no mention of that wonderful little work which I am never tired of 
commending, The Revolutions of Civilisation^ by Sir Flinders Petrie, in which 
he advances the theory that the intellectual capacity of nations fluctuates 
in cycles or tides of about fifteen hundred years each, and that successive 
C3 ^cIm follow each other fairly regularly. In every C3^e there is a period 
of ascension, then a zenith, then a period of declension, and lastly a nadir ; 
and he has Emulated the hypothesis that the first of these periods generally 
follows conquest by and admixture with another race — that is, follows a 
racial zygosis. The reason why modem Europeans differ so much from 
Indians appears to be due to the fact that we are at present jmbably in 
the period of zenltb while they are in the period of nadir. It is apparent 
from the literature and the ruins of India that at one time the Indians pos- 
sessed far greater intellectual and probsbly physical vigour than they now 
show. One does not find in them to-day the same qualities of mental and 
physical activity which one sees in Europe ; there is always the same depress 
Sion, the same desire for rest, some indefinable back-hearkening of spirit 
whidb is seldom with us to-day, except perhaps among the more vtsed-up 
intellectual elements of our universities. I. have known many In#an 
gentlemen whose capacity for languages, lor politics, history, sometimai 
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eifw lor idenoo» is remarkable, but in whom one always notes that judg- 
ment and opinion are rather derived than original. They scarcely seem to 
think for themselves ; they lean on authority. And, without forcing 

oondiisions upon his readers, the author of this l^k well elucidates this 
phase in the Indian character. His anal3r8iB of Karma among the Hindus 
is very suggestive. 1 suppose that not one scientific man in a thousand is 
ever likely even to approach the acceptance of the Hindu mythologies and 
their basic modes of thought. To us, for instance, the whole reincarnation 
hypothesis appears to be of a nature which I will not be so rude as to name ; 
yet more than two hundred millions of people seem to believe in it — more 
or less. The belief is not always logical ; they are not alwa)^ so anxious 
to try another stage of existence as might be supposed. In spite of their 
depression, some of them still take a little joy in life ; and physical fear is 
not an unknown psychological element among them. The whole complex 
of the Hindu faiths seems to me to be rather a veneer of customary educa- 
tion than an independent growth of personal thought and conviction. Not 
that the European faiths arc very much more, but they are not so adulter- 
ated with secondary and often grotesque dogmas. Similar dogmas govern 
Hindu art — as they did the par^lcl art of ancient Egypt. In the presence 
of both, we who have seen the Parthenon experience the discomfort of 
criticism where wo should admire and of laughter where we should worship. 
All this belongs, we feel, to some divinity long dead, some supremacy long 
superseded. The face of Europe is set forward, the face of India, backward. 
Europe seems to possess to-day something like the mentality it possessed in 
the time of Julius Csesar : India the mentality of Europe, or at least of 
Italy, seven hundred years later. There is nothing original in the Indian, 
and even hie noisy politics of to-day are derived. He possesses many 
virtues, such as long-suffering, gentleness, coiutesy ; but ho does not often 
possess the supreme virtue of Intellectual vigour. One secs the seeds of 
similar decay in Europe, it is true ; but not to the same extent as in India. 
Possibly in a few centiirics we shall become as Italy became after Marcus 
Aurelius, and India will spring again to the forefront of the nations. 

Of comse these are only speculations — and possibly somewhat wild ones ; 
but behind them there is a great and constant fact, the rise and fall of 
nations ; and this la a natural phenomenon which requires a natural ex- 
planation. Nearly all the great world-work of to-day — ^science, art, states- 
manship— is being done by a few nations which probably number less than a 
tithe of the world’s population and which also possess the greatest military 
aptitude. Apparently they only produce the germ-cells of progress. It 
looks at least as if nations, like individuals, have an optimum age of vigour. 
Bat such notions are only in the course of formation ; and wo have not 
yet sounded the ultimate depths of biology, which may some day reveal 
possibilities beyond our present ken. 
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XATSXXATICni 

Oonn de llatlidinatiqttai ftadtalM d rnmm dei dtndiuito «n MstoiieM 
natordlei* Par G. Vsrribst. Prbmibrb partib: Calcul dipfbr- 

BMTIAL, GAoM^TRIB ANALYTIQUE X DEUX DIMENSIONS. [Pp. 337,] 
(Paris: Gauthier- Villars et Cie, 1923. Price 38 frs.) 

This t3rpe of book is common enough in England but is rarer on the Con* 
tinent. It aims at familiarising natural science students with the notions 
of the calculus and at giving them the manipulative skill in difEcrentiating 
which they will need in their physics and chemistry. It therefore makes 
no pretence of a rigorous treatment, and propositions are made to appear 
plausible by means of a geometrical representation. It is clearly written 
and should be of use to the people for whom it is intended. The English 
teacher may find some of the physical applications to be novel and of interest ; 
for example, Maclaurin's series (with remainder) is illustrated by a lengthy 
note on the aberration of spherical mirrors. The author is perhaps too fond 
of differentials as distinct trom derivatives. 

F. P, W, 

Praotloal Mathematioal Analysis, By Horst von Sanobn. Translated by 
H. Lbvv, [Pp. XV + X93.] (London : Methuen & Co„ 1923, Price 
xos. fid, net.) 

IMTBRBST in methods of calculation seems to be reviving ; we may offer 
as evidence the recent publication of Whittaker's Calculus of Observations 
and of Runge-Kdnig's Numerisches Recknen, Prof. Levy seised the 
opportunity to translate a much more elementary book on the subject, 
Sanden's Prdhiische Analysis (19x4). The preface contains an amusing 
account of the way in whi^ a pure mathematician will carry out a calcula- 
ticn on odd scraps of paper, tossed about here and there/* and certainly 
sdeh an unmethodical person could not do better than read Sanden's tips 
on compact arrangement and kindred topics. The book provides a useful 
summary of meth^ of approximation, slide-rules, Homer's method, inter* 
polation, Simpson's rule, and so on, with instructions how to tabulate t^ 
work in the most economical way. The bibliography at the end is a useful 
feature. 

F. P. W, 


Iraiti fittineiitibe des nombrsi do BomoiiQL For Nxsls NxxtsoN. [Pp, x 
•f 39S.] (Paris : Gauthier- VillaxB et Cie, 1923. Price 50 frs.) 

The numbers of Bernoulli first made their appearance in the Ars conj$etan 4 i 
of James BmxouUi, who introduced them in an elementary way and calcu- 
lated the first five. Later Euler rediscovered them as the essential part 
of the coefficients which arise in the expression of cot x, tan x, and oosec # 
as power series in sr. But this discovery, according to M. Nielsen, "a dtd 
fatale pour Je ddveloppement de la tbdm, parce que sa grande autorttd 
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% fioiiis^ lea gAomtoea i appUqoer preaqtia excluaivement dana lea xechercliea 
avET eea nombrea rationnela dea m&hodea tranacendantea/" M. Nielaon haa 
therefore aet himself to develop the matter from an elementary point of 
view, basing the work on what he calls symmetric polynomials, f.s. poly- 
nomiida of degree n which satisfy the functional equation /( — 3r — x)«* 
He has produced an enormous work, full of recurrence formulae, 
bomplei^ and incomplete, and curious congruence results, which is extremely 
interesting to dip into. Here are some of the proceeds of such a dip, Adams, 
the astronomer, calculated the first 62 of the Bernoulli numbers, but he has 
been outclassed by M. Serebrennikofif of Petrograd, who is reputed to have 
got as far as the ninetieth. Von Staudt did not occupy himself solely with 
projective geometry; he discovered that if be the fith Benu^li number, 
then B«* is equal to an integer, positive or negative, together with the 
sum of the reciprocals of the prime numbers p such that p^ i divides 
an — I. Then we have 29 pages on the expression of sums of powers of the 
first n integers in terms of Bernoulli numbers, with generalisations of the 
well’known formula (S«)* and thelesstwell-known 2(Sf^)* ■» 

due to Jacobi ; we have properties of the coefficients in the expression of 
i)(x-f 2) , . . — i) as a polynomial in x, and the proposition 

t^t if 2n + X be a prime, then it is a factor of the numerator of 





But we cannot imagine anybody reading steadily through the book, 
and we do not think that it will rank in importance with the author's German 
works on the Bessel and Gamma functions. 


F. P. W. 


Aulytioal Conics. By D. M. Y. Soiimbrvillb, D.Sc. [Pp. vii + 310.] 
(London : G. &)11 & Sons, 1924. IMce 15s. net.) 

Pbbhaps Salmon is out of date and difficult for students, but we are always 
a little su^rised that anyone should take the trouble to write another Ixxjk 
on analytical conics. However, Prof. Sommerville has done it very well 
indeed and wc have nothing but praise for the result. There are several 
points of originality which deserve notice. In the first place, the conic is 
defined by the extension of the familiar rectangle property of the cin^e — 
the author having regretfully given up the idea of using the sections of the 
cone on the ground that this would oe too great a shock to the convention 
that demands a separation between plane and solid geometry — and the 
focus-directrix property is introduced afterwards. Treatment of the para- 
bola is postponed to that of the ellipse and the hyperbola. We are grateful 
to Ptof. W. P. Milne for insisting on the inclusion of chapter xix on " Systems 
of Points on a Conic." It is interesting stiifi and forms a useful introduction 
to the next chapter, on invariants, which, we are glad to see, is much more 
thorough than is usual in an elementary textbook. ]^t the treatment of 
homogeneous coordinates is all wrong. 

There are numerous examples, well selected and arranged. 

F. P. W. 


MTBOVOXT 

d Haaven. By Sir Richard Grboory. Second edition, re- 
written. [Pp. vii + 202, with fix illustratioxis.} (London ; Methuen 
Sl Co., 1923. Price fis. net.) 

This little volume is the second edition of a book first published in 1893, 
hot it has been largely rewritten, and extensive additions have been made. 
It seti forth in sim^e and pictux^ue kuigiiage those results of astronomical 
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adiiei^ittefit fequim no matbeniatical or highly tochoiod Mkdiig 

to understand them. A special feature lies in the illustrations, most of 
which are reproductions oi oeksdal photographs taken with first^duss 
instruments. 

The sdenoe of astronomy must always make a special appeal to the 
minds of men. Sir Richard Gregory's is intended for the general 
reader, and will be greatly appredated by those who wish to spend some 
peaceful hours in contemplating the treasures revealed by the astronomer’s 
telescope. The author's well->known power of popular exposition, together 
with a very judidous selection of illustrations, has produced a well-balanced 
and readable little volume, which cannot fail to be appreciated by anyone 
who is not completely devoid of an aesthetic or spiritual sense. 

W. M. H. G. 


nmo Maasnrsment. By L. Bolton, M.A. [Pp. viii + i66, with 8 plates.] 
(London: G. Bell & Sons. Brice 6s. net.) 

This little volume is intended to present in short compass the rudiments 
of time measurement. It assumes no previous knowledge of the subject, 
and those who wish to acquire an elementary knowledge of the prindples 
involved in measuring time and of the construction of time-pieces, will find 
it a good investment. It is naturally not intended to compete with more 
compendious (and more expensive) treatises, and can scarcely be recommended 
to anyone who wishes to indulge in a serious study of the subject, but should 
be ^predated by those whose ambitions are less far-reaching. 

The first chapter is of an introductory nature, the next two present 
some elementary astronomical considerations relative to the subject, and the 
fourth chapter deals with ancient time-pieces such as the water-clock and 
also contains some descriptions of sun-dials. Chapters v to ix are devoti^ 
to weight- and spring-driven clocks. The treatment of weight-driven cloclm 
is mainly historical, the author being of the opinion that it is wise to use 
the earliest such clocks of which we have accurate knowledge for the purpose 
" of illustrating, not of course the refinements, but the broad outlines of 
modem construction, with the advantage of investing somewhat dry mechanical 
details with an antiquarian interest." 

Chapter x deals with watches and chronometers, and chapter xi with 
electrically controlled clocks. This chapter contains a brief but excellent 
description of the pendulum control devised by Cunyngham and Hope Jones. 
Chapter xii deals principally with the determination of time at the wyal 
Observatory, Greenwich, and the last chapter is concerned with the subject 
of the calendar. 

Practically no mention is made of precision clocks, and in the opinidn 
of the reviewer a couple of pages devoted to such would have improved the 
book. At first sight it seems curious that a book which contains a descrip* 
tion of a chronometer escapement should not also contain some short 
account of, say, a Rieficr clock escapement ; but the author {vide page 136^ 
footnote) considers that the details would be beyond the scope of the book. 

W. M. H. G. 

Bfioepthm des ttgntu Horalres. [Pp. ix + 226.] (Published by Gauthier* 
Villars for the Bureau des I.ongltudes. (Brice 27 frs.) 

The ol^ect of this volume is to set forth the details of the principal scientific 
services to which wireless telegraphy has been adapted. The use of wlro* 
less telegraphy for the purpose of transmitting time-signals is now fkmiltar 
to all, and it is only natural to find that two chapters of the present oomifilii* 
tion are devoted to various ctetails of these sii^s, their tiwirfirissioii, ra* 
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mipliM, and registration. Ti»o subsequent cbapters deal with the zppUcA^ 
ttoa of wireless telegraphy to’ meteoik^logical and seismological purposes, 
and a preliminary clmpter sets forth the technique of wireless reception in 
general. The five appendices contain a mass of valuable information. 

The various scientific wireless services are of such imf^rtance that it is 
very gratif^^g to record the appearance of a volume which supplies prac- 
tically any information on the subject that can be desired. For instance, 
lists of transmitting stations are provided, as are also complete explanations 
of the various international codes, and various technical instrumental details 
are expanded carefully and fully. The book should certainly be in the 
possession of all practical astronomers, meteorologists, and geophysicists. 
It is to be hoped that it will be found in all libraries of any scientific pre- 
tensions, and that it will be read by all who take an interest in scientific 
progress. 

W. M. H. G. 


nT9Z0« 

Bglativity: A Systematio Treatment of Einstein's Theory, By J. Ricb, 

M.A., Senior Lecturer in Physics at the University of Liverpool. 
[Pp. XV + 397.] (London : Longmans, Green Co., 1923, Price 
i8s. net.) 

As explained in the Preface, this book is primarily written for the science 
undergraduate anxious to learn “ what clianges this new idea — of Relativity 
— ^is producing in the principles and content of physical science/' Some 
chapters, however, and the whole Part 111 are added for the salm of post- 
graduates and for a yet wider circle of readers. 

The best and most originally written part of the book is the Introduction 
(pp. 1-30), wliich gives a very clear and instructive description, in general 
terms, of the origin and the fundamental concepts and postulates of the 
theory of relativity, including general relativity, and touching slightly even 
upon gravitation and the essence of its law as conceived by Einstein. 

The mathematical development of the ideas, so ably sketched in this 

S neral outline, is carried out in three Parts, viz. Restricted Relativity. 

moral Relativity, and World Geometry. The first of these, to which very 
wisely as many as seven chapters are devoted (pp. 31-163), gives an excel- 
knt exposition of the subject, which of late began to be cut down rather 
mercilessly by prominent authors anxious to arrive soon at the more sen- 
tational, generalised theory. Notwithstanding the many attractivities of 
the latter, it will be remembered that the restiicted relativity has actually 
more points of contact with the domain of physics proper. The author, 
therefore, is to be warmly congratulated upon this part of his plan, laying, 
as it does, a sound foundation for the realistic freshman's further studies. 
Port ll (p. 1 67-300 J will, in spite of a certain clumsiness of mathematical 
technicalities (especially in chapter ix, on Geodesics "), be found a good 
introduction into General Relativity, including the gravitational field-equa- 
tions, in Einstein's pre-cosmologic form, and the generally 00 variant electro- 
magnetic equations. This Part gives also to the reader a sufficient instruc- 
tion in handling general vectors and tensors of any rank. To " Action " 
a whole chapter is devoted. Yet there is tffis welcome feature, that, unlike 
the leading writers, the author is free from the oversanguinc expectations 
of Hilbert as to the heuristic efficiency of this principle. Nor does he follow 
the authoritative chorus in an undue h3rpo8tasy of the four-dimensional 
line-element. In general the book under review commends itself greatly 
by a note of sobriety, which seems particularly desirable for the class of 
f^ers Mr. Rice has in view. 

The last Part, on World Geometry (pp. 303-89), gives a sufficiently 
lamiplete account of the relativistic develcpmoats since 1916, compriaiitg 
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Eiiuttein's and de Sitter's cosmological speailatioiis^ and Weyl's, Eddteg^ 
ton's, and Einstein's so-called unidcation theories, that is, attempts at sp^tog 
Gravitation and Electro^magnetism in one breath. Especially, Einstein's 
recent generalisation, the affine field-theory, providing lor such a union 
but leaving the problem of matter (electrons, protons) unsolved, is treated 
in an Addendum. These subsets are preceded by an introductory in* 
formation (chapter xiv) on Riemannian analysis of polydimensional mani- 
folds. This chapter is somewhat marred by two erroneous statements, one 
concerning such manifolds as that of colours (p. 312), and another (p. 323) 
likely to induce the reader to believe that every fi-fold can be embedded 
into a homaloidal or flat (a + i)-fold. But these are only minor points, in 
no way detrimental to the whole work. In general the b^k is remarkably 
free from special errors and misprints. 

Apart from the usual indices, the Table of Contents gives an unusual 
and very helpful detailed summary of the matter treated in each chapter. 

In conclusion, this well-printed and carefully edited book can be warmly 
recommended to every student of the subject. 

L. SitBBRSTBIN. 

OXBMXBT&T 

Ohuniioal Bueydopssdia, a Digsit cd Chemistry and Chemioal Indmlrf. 

By C. T. Kingzett, F.I.C. Third Edition. IPp, x + 606.] (Lon- 
don : Baillidre, Tindall & Cox, 1924. Price 30s. net.) 

Thb aim of the author has been to prepare " an epitomised digest of chem- 
istry and its industrial applications, in a form which should be useful not 
only as a work of reference lor professional chemists . . , but also as an 
educational treatise serviceable to all classes of the community." The dbief 
difficulty in compiling such a work is, naturally, the selection of the items 
to be dealt with, and it may be questioned whether the space devoted to 
various matters is in all cases commensurate with their importance. The 
information is at times a little vague, if not actually misleading : co-ordina- 
tion is defined simply as "a chelate theory of the chemical structure of 
molecules, or, in other words, the anrangement of atoms in chemical entities," 
which is hardly helpful to " medical practitioners, pharmacists, merchaniB, 
brokers, barristers," etc., especially as no explanation is given of the word 
" chelate " ; phthalic anhydride is stated to be obtained from " naphtha- 
lene vapour in association with air, using Sulphuric acid in presence of a 
mercury salt as a catalyst " (there is some confusion hero between the old 
Badische process and the modem catalytic oxidation method) ; anthra- 
guinone is stated (p. 32) to be used as a dyestufi ; the structure of " Rivanol 
(p. 17B) should TO ethoxy-diamino-acridine hydrochloride ; metol (p. 359) 
is not a cresol derivative ; the method of preparation of benzidine (p. 57) 
is incomplete, as the product would be merely hydrazobenzene ; it will m 
news to most chemists that toluene can be prepar^ by the action of caustio 
potash upon benzyl alcohol (p. 55^, it would have been more useful to 
have referred to its occurrence in B^co petroleum. The book would be 
improved by careful revision, but that it meets a definite demand is 
indicated by the fSet that a third edition has been called for. 

F. A. M. 

A DhAomury ol Applied Obemistry. Volume V: Oxygen-— Rye. By Sir 
Edward Tkorfb, C.B., LL.D., F,R.S. vUi + 722, illustrated.] 
(London : Longmans, Green A Co., 1924. Pxite 60s. net.) 

Orb by one the familiar blue bindings of the last edition of the Didionai^ 
are being ousted from their places in our bookshelves and relegated to tte 
iNUiement or lumber-room, their places being taken by the red«oovemt 
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viedtcmnes of the new edition, the fifth volume of which has now appeared. 
•0 Idiat the editor’s long task is steadily drawing to a close, as it is announced 
that the last two volumes, VI and VII, are in the press. 

One item of news will be of general interest, that the final volume is to 
contain a complete index to the whole work ; the present reviewer has long 
pointed out the desirability and necessity of such an index, as its absence has 
always been felt to be the weak point in the Dictionary, and the editor is 
to be congratulated on having decided to undertake the task. 

The present volume contains many new or revised articles of importance, 
such as the article on ” Photosynthesis," by Profs. Baly and Heilbron, 
Prof. Wynne’s excellent and useful summary of the chemistry of quinoline 
and related products, and other contributions too numerous to mention 
individually. The work fully maintains the standard set in the previous 
volumes and is in every way a worthy and valuable addition to chemical 
literature. F. A. M. 

The Vegetable Proteins. By T. B. Osborne, PhD., Sc.D. [Pp. xiii + 154, 
with diagrams.] (Monographs on Bio-chemistry, Longmans, Green & 
Co., London. 1923. Price gs, net.) 

Wb welcome the appearance of a second edition of Prof. Osborne’s mono* 
graph. Such a concise and masterly survey of this important branch of 
biological chemistry must never be allowed to fall out of date. The decade 
following the publication of the first edition has seen careful progress in this 
intricate subject ; due in the main to the labours and genius of the author 
himself. 

A very thorough revision, necessitating the suppression of some of the 
original chapters and the inclusion of three or four new ones, lias left the book 
the last word on its subject. Wo congratulate the author on the inclusion of 
a most interesting chapter from the pen of L. J. Henderson on the Relation 
of Proteins to Acids and Bases. The theoretical discussion elaborated 
deserves the attention alike of the analyst and of the physiologist. An 
excellent review of the methods of hydrolysing proteins and their values 
in elucidating the nature and measuring the amounts of the amino-acid 
constituents of proteins forms the subject-matter of another new chapter ; 
and the importance of such accurate knowledge to the physiologist is brought 
out in the new section dealing with the nutritive value of the vegetable 
proteins. The recent work of Chibnall and Schryver and of the author 
on proteins of the protoplasm of the green plwt cell is dealt with in 
detail. 

A much enlarged and comprehensive bibliography enhances greatly the 
value of this interesting and now quite up-to-date monograph. 

P. E. 

Vais: Natural and SyntheUo. By W. W. Myddleton, D.Sc., and T. 
Hbolby Barry. [Pp. xii + 182, with diagrams and illustrations.] 
(London : £. Benn, X924. Price 235. net.) 

The intention of the authors has been to produce a volume which will be 
interesting and instructive to students desiring to specialise in the chemistry 
of the oils and fats. It is to be feared, however, that they have fallen 
between two stools as, on the one hand, the work is rather too split up and 
lacking in continuity for easy reading, whilst on the other hand it is hardly 
possible to produce a complete reference book and encyclopaedia of the 
iubject withm the compass of 175 pages of fadrly large type ; and it may 
be doubted whether many students in these hard times will be vdlling or 
able to nay 23s, for a work of this type. 

The book deals first with.the natural lata and waxes, then nearly zoo 
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pages are devoted to the study of hydmgenated fats, their pfoductkm, 
purihcatiou, estimation, and uses, and a final chapter deals with the possi- 
bility of the complete S)mthe8i8 of fats. The volume is clearly printed, 
and reflects credit on the authors : but the publisher, if one may make the 
suggestion, by printing on smaller and thinner pages and by publishing at 
a lower price, would have added attractions to the book, F. A. M. ' 

The Ohemioal Basis of Orowth and Senesoenoe. By T. Brailsford Robert- 
son, Ph.D., D,Sc. Monographs on Experimental Biology. [Pp. 
viii -f 389, with many figures.] (London ; J. B. Lippincott & Co., 
1923. Price I2S. 6d. net.) 

The scries of monographs to which this book is the latest addition forms 
the most comprehensive library which we have of a field which American 
biologists have made particularly their own. Whilst the author of the 
book under review is no longer in the United States, his argument owes 
much to their laboratories, and his monograph, therefore, fittingly preserves 
the continuity of the series. 

Attention is first directed to the time relations of growth in the higher 
animals. These are found to be amenable to expression by a succession 
of three more or loss well-defined ** growth cycles,** which each imitate the 
curve for the velocity of an autocatalytic monomolccular reaction. The 
process of protoplasmic synthesis being transparently a highly complex 
83mtem of clUnges, it becomes necessary to assume that this complexity of 
events is governed by a slow reaction which, as it were, sets the pace of the 
whole. F?of. Robertson makes the assumption that this ** master reaction " 
is that which controls the velocity of nuclear 83mthesi8. So far the story 
is straightforward. What is to follow is a little bewildering. As nudear 
synthesis proceeds autocatalyst will accumulate within the nucleus up to 
the moment of division, when, with the disruption of the membrane, some 
will be freed into the siuroundings. The distribution between nucleus and 
pericellular fiuid being a characteristic of the cell, it will follow that the 
growth rate of subsequent nuclei will be modified by the pre-existent charge 
of autocatalyst in the environment at the time of the previous division* 
This is emphasised by the consideration of the master reaction as reversible, 
for it will follow that, as autocatalyst accumulates in the medium, the 
velodty of nudear synthesis will be accelerated or retarded according to 
the amount retained within the new nudei at the moment of membrane 
formation. 

The reader must pursue the further argument himself as it ramifies 
through the phenomena of senescence, differentiation, hyperdiflerentiatioii 
and cancer, evolution and such specific growth agendes as the vitamins. 

The thesis is a dauntless, if naive, contribution of an imaginative mind 
to statistical biology. It must be recorded, however, that some of the mmre 
fundamental data to the argument have failed to find confirmation In other 
laboratories. 

A great mass of literature, as a bibliography of 500 papers testifies, has 
been drawn upon, and the author merits our gratitude aiilM for this labour 
and for the inspiration of a real attempt at eluddation. Biologists will 
find much to critidse ; they will find as much to interest and stimulate. 

R. k, c. 

AlimzovliTirBa 

Chraidaiidrfu»iin^ and Un. By W. J. Malden. [Pp. xxiv -f 314, 

with 1x3 figures.] (London : Ernest Benn, X934. Price 305. net.). 

The literature dealing with the treatment of grassland is so voluminbui 
and scattered that Mr. Malden has rendered a great service to agricultitee 
by gathering into one volume the more impmiant points that arise in practice^ 
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Poring the past lew decades a steady decline has occurred in arable farming; 
and some millions of acres have reverted to grass, usually of very indiffer^t 
quality. In view of this continued decline and the existing need to wrest 
the maximum production from the soil, the importance of improving the 
cniality and yield of the gi^sland is becoming steadily greater. Grassland 
Parming is Intended to give practical advice to the practical man, and 
is written specifically for farmers. Written as the outcome of many years' 
personal experience, the book fulfils its purpose excellently, providing guidance 
for the inexperienced and suggestions which may lead even the es^rienced 
farmer to improve on his methods to his own financial benefit. Except in 
a few instances the theories underl3dng the treatment of grassland are but 
lightly touched upon, and it is to bo regretted that no references to the 
work of other writers are given for the further aid of students. 

The various aspects of the management of grassland are fully dealt with, 
and frequent emplmsis is laid on points that make for success or failure. The 
author advocates a wider view than that of treating grass with basic slag 
only, rightly contending that this is insufl&cient in many cases, and that a 
judicious application of other fertilisers, including nitrogen on occasion, is 
desirable. The species present in old pasture arc largely determined by the 
physical and manurial conditions of the soil, and much improvement of 
Wbage can be brought about by treatment c^culatcd to better these con* 
ditions. Various methods of draining and the best ways of dealing with 
such local troubles as anthills, molehills, pans, rushes, and tussocks are also 
described. Special attention is given to the plants used in the formation 
of temporary ^stures and to the conditions under which each is most suitable, 
together with the various seeds mixture most adapted for sowing down 
difierent types of land. Drilling instead of broadcasting is advocated, as 
the benefit derived therefrom usually much more than balances the slight 
extra cost. The varieties of plants found in permanent pastures are discussed, 
especially in relation to their feeding value, and the possibility of improve- 
ment by careful management is duly pointed out. The chapters on hay- 
making, ensilage, and Investing seeds of pasture plants sum up much infor- 
mation on practical points, wMle under the heading of Grazing notice is 
taken not only of poisonous and objectionable plants occurring thereon, 
but also of the various diseases that may be contracted by ammals fed on 
hifected or unclean land. In connection with the xnanuring and liming 
of permanent pastures a series of botanical analyses are given of plots on 
iitnilBr soil treated for two consecutive years with various combinatioxis 
of manures, thus showing* how rapidly and drastically the quantity and 
quality of the herbage on any particular soil may be modified by suitable 
treatment. This affords a useful demonstration of the value to the farmer 
of testing various fertilisers on a small scale before deciding on the general 
edheme of manuring to adopt on his land. 

The book concludes with an appendix of analyses, descriptions, and 
illustrations drawn chiefiy from various commercial sources, and an index 
to numerous subdivisions into which the chapters are divided renders 
the work of reference easy. 

W. E. Brbnchlsy. 

Sh« VroAmtton ol field Otopi. Bjr T. B. Hvtohbson and T. K. Wotvs, 
[Pp. XV + 499, with 145 figures.] (London : McGraw-Hill Publishing 
Co., 19*4. ftice 17s, 64.) 

tma is a very oonprehensive work which has been designed as an intro- 
ductory course in mid crops, the outline being based largely upon the 
'feconxipradations of the American Society of Agronomy. The authors 
heve wry wisely recog^sed that aucocssfid crop culture is dependent upon 
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a variety of faotoTB^ and in ooneequenoe the book is properly balaated tiy 
reason of the ftnst portion being devoted to the more important under- 
lying fundamentals. This is pai^cularly welcome in a work of this kind^ 
for in recent years there has been a tendency to overlook important matters 
like the preparation of a good seed-bed* methods of economic tillage, and 
the selection of good strains, while magnifying the importance of artificial 
fertiUeerB. Fortunately these are being increasingly appreciated, and 
much valuable work has been done on pp^blems arising out of soil manage- 
ment. The authors have drawn heavily upon recent research findings, 
whidi adds to the reliability of the book, as well as representing the latest 
opinions. 

In the treatment of the individual crops the authors have endeavoured 
to cover the more important points in the growth and culture of species 
which are of agricultural importance. It is not intended to be exhaustive, 
however, while no attempt has been made to give any crop undue prominence 
by reason of national importance. In most cases the crops arc dealt with 
in a clear and concise manner, and, as a textbook designed primarily for 
North American students, it is admirably suited to this purpose. At the 
same time the world distribution of crops has by no means been neglected, 
yet the usefulness of the work for this country would have been considerably 
increased had a few additions been made to the text concerning British 
varieties of the various crops dealt with. Some of our more important root 
crops, for example, receive scanty attention, while some of the recommended 
seeing rates per acre dififer from those which obtain in this country. The 
cereal crops and some of the more widely grown North American forage 
crops are very satisfactorily treated, and taken throughout it is a work which 
can be thoroughly recommended. The text is libcr^ly illustrated, and the 
style and quality of the book maintain the high standard of the McGraw- 
Hill Agricultural Scries. 

H. G. R. 


MOOLoar 

l&firtebrato Zoology. By h. J. Van Clbavb. [Pp. xvi 259, with 
frontispiece and 126 figures.] (London : McGraw-Hill Publishing 
Co., 1924. Price 155. net.) 

This book, as the author explains in the preface, is intended as a textbook 
and reference work for students of invertebrate zoology who have already 
completed an introductory course in biolo^. The author expresses the 
view that such books should not give detailed descriptions of types of the 
several groups, but should concern themselves with the setting forth of 
general prin^les, and with presenting the characteristics of each group 
as a whole. The book embraces the entire animal kingdom with the excep- 
tion ol the phylum Chordata, but from the small number of pages it will 
be seen that such a vast fiicld can only be covered by treating each group 
very superficially ; the account of each phylum consists of little more than 
a catalogue of the principal characteristics of its several subdivisions, pre- 
ceded by a few pages of more general discussion. Reference is made to the 
various types ox marine pelagic larv» that are of such importance in under- 
standing the interrelationship of the phyla, but no account is given of their 
detailed development and organisation, and it is doubtful whether a student 
would be able to appedate their significance with such scanty information. 
The book may find favour among students taldug u pass degree in Zootogy^ 
but is hardly likely to prove of much service to those reading lor an honours 
degree in that subject in the universities of this country* &e book is well 
got up and tke iUtostnitioiie excellently reproduced, 

J* 
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fht MiriM fliiiktoiit wMi qieoial rrferatoe to Xiiviitig«tk»if mite it Port 
Brill, Ui of Kin, dn^ 1907«1914 : A Hindbodk for Stndatti iad 
Amitoar Workeri. By Jambs Johnstone, D.Sc., Andrew Scott, 
AX.S., wid Hbrbert C. Chadwick, A.L.S, (Department of Oceano- 
graphy, University of Liverpool). With an Introduction by Sir 
William A. Herdman, F.R.S., Emeritus Professor of Natural 
History and sometime First Professor of Oceanography in the 
University of Liverpool. [Pp. xvi + 194.] (Liverpool : at the 
University Press ; London : Hodder & Stou^ton. Price 125. 6 d. net.) 

This book aims at helping those, both student and amateur, who wish to 
study the floating life of the sea. It is based on one prolonged piece of research 
extending over several years, undertaken by Sir William Herdman, who 
writes the introduction, assisted by the three authors for the purpose of 
studying the plankton of the bay of Port Erin, Isle of Man, both quantita- 
tively and with a view to ascertaining the value of the existing methods 
of collecting and estimating the various catches. 

With tWs combination we expect to have a good book, and are not 
disappointed. A good idea is given of the quality and quantity of the 
planktonic life in this one particular area, and this is the basis of the whole 
work. 

After a short introduction on the plankton in general a number of clear 
and well-drawn named figures arc given, some of which arc very beautiful. 
Among them we seem to recognise the individual work of each of the three 
writers. These represent most of the commonest plankton organisms, 
and a second chapter explains their occurrence and seasonal distribution. 
To this part arc attached tables and graphs showing the frequency of the 
species for each month during the several years. Afterwards comes a 
chapter on organic production in the sea, and finally one on the methods 
for obtaining the specimens. 

Owing to lack of discussion and tiie very small space given to some of 
the introductory remarks certain statements want qualification, and are 
slightly misleading. For instance, wc are told on page 6 that ** several 
groups of Coelenterates are planktonic throughout their entire life-history ; 
these are . . . the Medusae.” Surely, even if we omit the Hydromedusae 
(these being called Medusoid gonophores) we may regard Aurelia as a true 
medusa 1 Again, we find it stated many times that tho P^ridinians feed 
like typical green plants, and in no case is there any qualification showing 
that some are holozoic and others probably saprophytic. Indeed, as only 
the larger Peridinium species are taken into account in the tables it is highly 
probable that only a few of these contain chlorophyll. 

The book will be useful in many ways, serving as an introduction to 
plankton work, and giving a good idea of t^ aims of such research ; but it 
covers only a small part of what a student has to face in the serious study 
of plankton, and one cannot imagine anyone being content with identifying 
his catches from these fig^es and not going on further to make out the 
descriptions of each species from systematic books. We should describe 
the book as a stimulus to the study of plankton rather than a work of re- 
ference, and regarded in this light it is instructive, extremely interesting, and 
a valuable addition to any marine library, Marie V, Lebour. 

All IhtcoAiirtion to Oostnogrftpby, with teflriil Bebraioe to Geography and 
GemAsvios. By James Johnstone, D.Sc. [I^. xii + 351. with 
69 sgimsO (Liverpool : at the University Press ; London : Hodder 
A Stoughton. Price 15$. net.) 

Xx is only in recent years that oceanography has taken the place which it 
teaerves ae g bmeb, Md a very important branch, of geography in its 
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widest sense* and a book on syich a subject is 8pcx:ially welcotned wlieii it 
cornea from an author who has himself worked at the subject from all stand- 
points. Dr. Johnstone approaches it mainly from the physical side, but 
this does not prevent him from showing that the other points of view are 
equally important, and that mathematics, chemistry, physics, geology, and 
biology all take a part in the science of oceanography. 

It is probably because the biologist has hitherto been to the front in 
the study of the ocean (for, at any rate, the beginning of the study of the 
sea had to do to a large extent with the life in it) that the author offers us 
the geologist's and the geophysicist's theories, together with the chemist 
rather than the biologist's. Tlicre is a tremendous fascination in the whole 
subject, some of it extremely complex and difficult to understand, but here 
put before the reader with great lucidity. Theories of the origin of the 
oceans, their permanence, the permanence of continents, together with all 
physical characters of the sea — these make up the bulk of the work. Also 
there is much to say on ocean depths and their measurement, the composition 
of the sea bottom, the oceanic margins, the chemical composition of sea 
water and its ph3rsical characters, whilst a generous portion of the work 
is given up to a discussion on the origin of the tides, currents, and the 
oceanic circulation. 

The author, although offering two theories of the origin of the earth, 
apparently accepts neither completely, for neither accounts perfectly satis- 
factorily for all the oceano^phical phenomena. His discussion on the 
origin of the oceanic water is intensely interesting, leading up as it does 
to the origin of the salts contained therein, which problem largely depends 
on the earth's age, and the planetesimal theory of the origin of the earth 
seems to explain best the origin of the ocean, the salts according to this 
view being from the first present in the earth's nucleus. 

The practical part of the subject is not neglected, and we find all the 
moat recent information as to the methods adopted for investigating the 
ocean depths, estimation of salinity and hydrogen-ion concentration, tem- 
perature and density, whilst the naeasurements of the tides and ocean 
currents are given a large amount of attention. Finally, in his summing up 
the author leaves us with hints on the lines for future research which will 
surely appeal to all who are interested in any way in the science of the 
sea. Tl» book should have a large circle of readers and is a vaduable wxsrk 
of reference for all lovers of true geography. 

Maris V. Lsbour. 


Xadieal tnd Veterinary Entomology* By W. B. Hermes. Second edition* 
[Pp. xiv 4 - 462.] (New York and London : The Macmillan Go., 
1923. Price 285. flet,) 

MsmCAL entomology n^y be defined as the science which deals with the 
study of insects, arachni^, and associated organisms as causative agents or 
vectoTB of disease, and with methods for controlling them. An extensive and 
widely«ecattered literature has developed around this branch of entomology 
within recent years, and a new edition of Prof. Hermes* textbook, which 
includes the progress made in the subject since the first edition appeared, 
will be greatly appre^ted. 

Students of parasitology, medical men, particularly medical officers of 
health, and veterinary officers, both at home and abroad, who must of neces- 
sity keep themselves in touch with advances made in medical entomology, 
will find this work a valuable and readable textbook. It is a systema^ 
and liberal survey of the subject, and the author writes with authority, 
toving hid a wide personal experience both as a teacher and investigator 
in the laboratory and as an exp^menter, observer, and adviser in the field* 
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While the book is in the nuiin based on experience in America, the work 
of authorities in other cotmtrios has been freely drawn upon, where new 
observations have been recorded. Several chapters have been revised and 
brought up to date and a brief historical account of the subject has been 
added. 

There are twenty chapters, of which chapters i~v deal with a general 
historical review of medical entomology, the anatomy and classification of 
insects, and the importance of insects as parasites and disease carriers. 

The remaining chapters deal with particular groups of insects and the 
diseases associated with them. The section on mosquitoes occupies 
chapters ix-xi. There is some inconsistency in the use of the scientific 
names of one or two species, which may be a little confusing to the reader 
who is not familiar with the difficulties of nomenclature. For instance, for 
the yellow-fever mosquito, Mdes argenieus Poiret is given on p. 4, whereas 
on p. 152 agypii »* Stegomyia cahpus is used. Similarly on p. z 

CiUeJf fatigans Wied (probably « quinquefasciatus Say) is given, whereas 
on p. 155 Culex {Jaiigans) quinquefasciatus Say and Culex {fatigans Wied) 
quinquefasciatus &y are given, and again on p. 157 Culex quinquefasciatus 
(mi C. fatigans). 

The house-fly, the diseases associated with it, and methods of control, 
is fully dealt with in chapters xiii~xiv, observations based on the experience 
of the author with the army in the field during the war period being included. 

There is a typographical error on p. 223, line 14 being misplaced to line 17. 

Chapter xv treats of blood-sucking flies, tsetse-flics, stable-flies, etc. 

The chapter on lice (vii) has been extended to embrace the more recent 
work on the relation of these insects to typhus and trench fever, and prac- 
tical methods for combating them. Other chapters deal with fleas (xvii), 
ticks and mites (xviii-xix), cockroaches (vi), cone noses and bed-bugs (viii), 
bttflalo gnats and horseflies (xii), venomous insects and arachnids (xx). 
Myiasis (xvi). 

A bibliography is not given, but a number of important special papers 
axe referred to in footnotes. The author points out in the preface that 
infmrmation as to bibliography may be readily obtained from the biblio- 
graphical works of other writers. It would be an advantage if a short 
bibliography, including a few of the more important papers, were given at 
the end of each section. There is an index to subjects and to authors. The 
work is well illustrated with 229 flgs., mostly half-tone blocks, the subject- 
matter is clearly set out, and the at 285. is reasonable. 

Jahbs Davidson. 

Hie Fbyiloal Basis ol LMa; By £. B. Wilson. [Pp. 51, with 6 plates and 
ao illustrations.] (New York : Yale University Ptess ; London : 
Humphrey Milford, 1923. Price 75. net.) 

Taxs beautiful, and therefore expensive, little volume presents the first 
William Thompson Sedgwick Mexnorial Lecture delivered by Prof. Wilson 
in Massachusetts at the end of 1922. It is significant of the breadth of 
vision of him whom the lecture commemorates that those who sought to do 
him imnour turned not to a lecturer notable in the field in which ^dgwick 
himself had been long active — public health and hygiene — but rather sought 
to emphasise thn fundamental biolorical attitude uom which he approached 
practical problems by extending thm invitation to an academic cytologist. 

The subject of the lecture may be described as the anatomy of the cell 
In the sense that the physicist might be tempted to-day to speak of the 
anatomy of the crystal. Prof. Wilson is happy to express the view that 
ohemists, physicists, and cytologists axe united in the opinion that prt^o- 
ftem is to ^ ooniddexed, not as a chemical entity, but as a inor{fiiological 
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concept. Life in not so much a question of molecular structure as of dynamic 
equilibrium in a polyphasic 83nsteni. Just as with the atomic theory modem 
work has but given reality to a h3rpothetical conception, so, in genetics and 
Ortology, the conception of the chromosomes in the minds of Sutton, Roux, 
and De Vries has become a real, if devastating, nuclear microcosm. We 
are led beyond the limits of the microscope even till we are within reach 
of the dimensions of the colloidal world. What then ? The author will 
have no burkeing of the question. If life is “ organisation wherein resides 
this orderliness ? We do not know. The mechanist, the seeker, speaks in 
the words Some day wo may be able to show how, in accordance with 
recognised principles of physics, a complex of sped he, autocatalytic, colloidal 
particles . . . can engineer the construction of the vertebrate organism,** 
Hie great riddle will remain to-morrow, but the reader of to-day will hnd 
much to inspire him in the imaginative survey and lively speculation which 
this lecture ofiers. 

R. K. C. 

Bendity and Enganios. By R. Rugglbs Gates, Ph.D., F.L.S. [Pp. xiii + 
288, with 35 illustrations.] (London : Constable & Co., 1923. Price 
2XS. net.) 

Prof. Gates insists that a knowledge of inheritance must form the basis 
of any enlightened attempt to influence the future development of the human 
race. As the number of characters in man known to follow a Mendelion type 
of inheritance is surprisingly large, he gives a general account of Mendelism ; 
this is followed by a chapter on the inheritance of physical characters in 
man, which to a great extent treats of dwarfs, albinos, various digital 
malformations, and other abnormalities, reminding us of Sir Archdall Reid's 
remark, that no one has yet seen a useful or a beautiful mutation. With 
regard to skin-colour we are told that the evidence in favour of a strictly 
Mondelian inheritance in white-black crosses is by no means conclusive ; 
this would seem to apply also to the inheritance of mental and moral char** 
acters, for it is a matter of theoretical interest rather than of practical im- 
portance whether, by imagining the existence of a large number of factorSt 
the inheritance of these ch^acters can be said to follow Mendelian principles. 
Davenpoxt's attempt to analyse temperaments and their inheritance does 
not convince Prof. Gates, who states ** the desirability of creating ‘ factors ' 
for calmness and cheerfulness appears very dpubtful.** A chapter on the 
limits of heredity is concerned mainly with the evidence from ** identical ** 
twins, showing that the resemblances between them may extend to minute 
structural details, and also to tastes, dispositions, and talents. 

With regard to Eugenics, Prof. Gates considers that the problem of 
formulating laws to foster an increase of the more efficient and desirable 
members of society would seem almost to surpass the wit of man, but he 
thinks that the prevention of reproduction on the part of undesirable^, such 
as the feeble-minded, is an obvious negative measure that can be carried 
into eflect. It almost seems that for the present we shall have to rely on 
education and environment for racial improvement. 

C. T. R. 

A Bibliography ol Eugenios. By Samubx. J. Holmes, Professor of Zoology 
in the University of California. [Pp. iv + 514.] (Berkeley, Call* 
fornia : University of California Press, 1924.) 

The scope of this bibliography is ambitious ; it contains references to some- 
thing approaching zq,ooo books or contributions to periodicals. These are 
classed according tp the subject-matt^ into about forty sections, and within 
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eftch section are arranged under tl» author's name in alphabetical order. 
Thus there are sections entitled Heredity and Evolution, The Problem of 
Degeneracy, Alcohol in Relation to Heredity, The Birth Rate, The Sex Ratio, 
etc., etc. As is almost inevitable in so wide a held of inquiry, there are a 
number of omissions, while references to many rather unscientific treatises 
and articles have been included ; but the book is to be welcomed as some* 
thing of real assistance to the student of Eugenics who has sufficient 
judgment to pick the good from the bad. £. S. P, 

XSBXOXVS 

The Insulin Treatment of Diabetes Mellitns. By P. J. Cammidgb, M.D., 

D.P.H. [Pp. viii + 172, with charts.] (Edinburgh ; E. and S. 

Livingstone, 1924, Price 6s. net. Post free 6s. 5^.) 

This volume is presumably to be regarded as a supplement to the recent 
publication of Dr. Cammidge and Mr. Howard entitled New Views on Diabetes 
Melliius, The latter provided a comprehensive survey of the condition 
of glycosuria, and advanced an ingenious hypothesis to correlate the many 
factors known to be involved. The advance which has attended the discovery 
and protracted use of insulin received no great attention — indeed the book 
was i>robably in press before any but preliminary notice of the experimental 
use of the pancreatic preparation was to hand. Dr. Cammidge therefore 
now records his own extensive experience with the clinical effects of insulin 
and claims that these tend to confirm the hypothesis previously published. 

The subject is approached through an historical survey of the relation 
of the pancreas to diabetes and the early work of the Toronto school with 
insulin. A r6sum6 of the author’s theory follows, and the discussion is 
directed particularly towards an analysis of the symptom complex which 
we call diabetes in so far as to marshal the indications and contra-indications 
for insulin treatment. The author’s method of administration and control 
of the treatment is detailed and illustrated by a few exhaustive case records. 

All familiar with the works of Dr. Cammidge will need no reminder that 
ho is wedded to the chemioil aspect of metabolism, and therein has chosen 
a sound if exacting partner. Admiration will not be withheld from the 
exhaustive labour attending the routine analyses of urine, blood, and faeces 
which govern the control of a case in his liands, though the programme as 
outlined will appal the majority of his readers. 

’The exacting demands which Dr, Cammidge makes of empirical analytical 
data in building up his views are certain to meet with criticism. In particular 
it seems tliat the ” difference value ” of the blood sugar, wliich forms a re- 
current argument, is a chemical quantity of dubious origin and doubtful 
significance, whilst the tacit assumption that the determination of the 
sugar of the blood when performed on 0*2 c.c. has an accuracy of 1-2 per 
cent, cannot be upheld. Confidence is not increased by such careless slips 
as the statement on page 77 tliat the calcium content of the blood is 5*3 
to 6*8 per cent., and on page 125 the record of a blood sample which con- 
tained 12 per cent, of phenols 1 In the field of insulin literature — so badly 
overgrown — this book merits the attention of the clinician and the criticism 
of the pathologist. R. K. C. 

aVOXVSBBZVO 

SMgn of Oonoreke Struotiures* By L. C. Urquhart, C.E., and C. £. 

O'Rourkb, C.E. []Pp. ix + 452, with 163 figures.] (London : 

McGraw-Hill Publishing Company. Price 20^. net.) 

As stated in the preface, this book only aims at such treatment as would 
be given in an elementary course at an engineering college. The general 
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tliaory and some sinipki desigmi m mU tmted* but tbb portiont dMlIiV 
with more advanced detail have been somewhat severely curtailed* 

The preparation of concretes of varying strengths by using difiesent 
proportions is very fully dealt with in the first chapter. 

Ihe treatment of Shear and Diagonal Tensile Stresses is rather hard 
reading, which, however, is usual in textbooks. The section dealing with 
the design of T beams is excellent and very practical. A number of vary 
useful curves for Bending and Direct Stress designs are incorporated* 

The book owes much to the matter taken from Reinforced Concrete Con- 
struction, by G. A. Hool. 

On the whole the book should be very useful to those for whom it is 


prepared. 


H. T. D. 


Stresses in Framed Stmotures. By G. A. Hool and W. S. Kxnhb. [Pp. 
xiv + 620.] (London : McGraw-Hill Publishing Co. Price 2 $si net.) 

This volume is one of a series of six, and is itself a collection of articles by 
a number of engineers, each of whom is an expert in the subject of his special 
section. The six books are each independent, so that the one under con- 
sideration is complete in itself. The authors suggest that the book majy 
be of service as a textbook in engineering schools and colleges ; but, if so, it 
would be more especially for the most advanced classes in the Theory of 
Structures. The book is a very exhaustive treatise on the subject of the 
title, and the treatment is very far from being diffuse. It is, in fact, a con- 
densed technical work containing a great fund of information, tables, and 
formulae for practical design. Many completely worked examples are 
interspersed with the text and difficult points cleared up by their aid. Both 
graphical and analytical methods are freely dealt with, and an appendix 
contains tables of results for a very great number of practical cases, both 
ordinary and statically indeterminate. The book can be warmly recom- 
mended to the advanced student and to the designer. 

H. T. D. 

Ihtode CWntrale sor Iss Oonrants Altemsttts* Par M. E. Pibrnbt. Premiet 
fascicule. [Pp. X + 100.3 (Paris : Gauthier-Villars et Cie, 1924. 
Price X2 frs.) 

A CLBARLY written treatise on alternating current theory from elementaxy 
principles up to rotating elliptical fields. 

The simple single phase sine wave voltage is first considered, followed by 
current and power, and the effect of induction and capacity. This is followed 
by the general consideration of pol^yphase circuits and the vector and gia|fiikial 
methods of treatment. 

Now follows a consideration of non-sinusoidal wave form and a very 
complete treatment of the Fourier method of analysis. At this point proctioid 
methods of wave form determination are described, amongst them teing the 
oscillograph, ondograph, and the harmonic resonance method. 

The last chapters are taken up with the application of complex mantitke 
to alternating current problems and the mathematical treatment of rotating 
fields. These chapters are particularly well written. 

A valuable feature is the completeness of the argument throughout 
the work— all steps, no matter how obvious they may appear, being shorn 
in full. Forming as it does a sound textbook on alternating current theory 
and introducing to the reader the electrical vocabulary of the French, It 
Should prove of great value as a textbook in Ftmcb for ezigixieering studexts* 

A. N* JaexsoiL 
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MMWii and VtioHoa al Tamftim. VoL L— Madalii Md Aapaittai. 

By Jav G* Mitchell, Am.I.£.£. [Pp. v + 245, with <>8 iUn8- 
Nations.] (London: MoGraw-Hill Publishing Company, X924* Price 
12^ 6d.) 

TkI( hxvt bf five volumes covering the principles and practice of telephony^ 
and intended for the use of non-technical readers. 

The general principles ate covered more or less completely within limits 
imposed by the class of reader for whom the work is intended. 

Various t)rpes of transmitters, receivers, ringers, relays, etc., are described 
in some detail, the more important practic^ points of design being indicated. 

The chapters on " Magnetic Induction and " Alternating Currents " 
endeavour to describe the phenomena in a non-technical manner, which is 
not altogether convincing. All intricate explanation is avoided by the use 
of analogies which in some cases are quite unsuitable. 

Other statements are rather misleading, and in some cases definitely 
incorrect, among which may be quoted : 

Page 19: ''When additional ampdre turns . . . produced no increase 
in fiux the iron is working at the point of magnetic saturation.'* 

Page 1 13: Whenever an electric current is sent through a circuit 
all of its ener^ that is not expended in overcoming resistance or in doing 
work ... is dissipated in the form of heat." 

Although written for non-technical readers, such looseness of expression 
can hardly be justified. 

A. N. Jackson. 

The Control of the Speed and Power Faotor of Induotion Motors. By Miles 
Walker, M.A., D.Sc. [Pp. 151, with 125 diagrams.] (London : 
Ernest Benn, 1924. Price i8s. 6d. net.) 

Recent years have seen great developments in the performance and appU- 
cation of induction motors. The present work summarises these modifica- 
tions in a convenient form for practical use. 

As introduction the author describes the inversion method of vector 
diagram solutions, and then applies it to the construction of the circle 
diagram. In subsequent chapters modifications to the simple diagram are 
described, which enable it to be applied to more complex forms of motor. 

The remainder of the volume is devoted to the methods of control of 
speed and power factor at present avaflable. Each is considered under 
many headings, among them being; rotor resistance, cascade running, 
pole changing, multiple windings, Leblanc exciter, Hunt, Greedy, and doubto 
mtor motors for ^peed control: auxiliary rotor windings, alternating 
voltage supply to slip-rings, Synchronous and frequency converters, etc., for 
power factor variation. The characteristics and application of the various 
methods are enumerated, and in most cases illustrations of t3qpical instal- 
lations are given together with an ample description. 

Winding diagrams are provided where desirable, and performance curves 
readily enable comparisons to be made. 

The final chapter is devoted to a more detailed treatment of the phase 
advancer (Leblanc Exciter) with application of the circle diagram corrected 
|0r irem saturation. The Kapp vibrator is also treated. 

Xt is to be regretted that relative costs are not quoted, as, although the 
cerformance in some cases is very good, it may be counteracted by Intricate 
design or the necessity for much auxiliary apparatus with consequent 
heavy first cost. 

Considering the wide field covered the treatment is very thorough, and 
Urn references to original papers and sources of information enhance the 
v^ne of the vhork. 
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Such a saminary must be of ipeat service to an engineer faced tiie 
installation of variable speed plant or the improvement of power laetof, 
while the detailed description of the inversion method for graphical solu- 
tion and the circle diagram are of general application, 

A. N, jAOicsbM, 

Ibe Maanlactpre of Eleotrio Sted. By Framk T. Sxsco. [Pp. x 4 304. 
with 44 illustrations.] (London : McGraw-Hill Publishing Co,» 1924, 
Price X5S. net,) 

WiTHtK the last ten years the development of electro-thermal methods of 
steel manufacture has been rapid and extensive. In this country the large 
demand for alloy steel, the need for utilising the accumulation of heavy steel 
turnings, and the shortage of high-grade raw materials during the war 
period presented exceptional opportunities for the electric furnace, but at 
the present time the economic conditions and the cost of power are not 
favourable to a wide use of this furnace. In the United States the conditions 
are not quite the same and, although in recent years there has been a big 
reduction in the amount of steel made in the electric furnace, the total 
production now is between 150,000-200,000 tons per year. 

The first book to give a complete account of the electro-metallurgy of 
steel was that written by Mr. C. C. Gow in 1921 on the modem l^glish 
processes. In the work now under review, Mr. F. T. Sisco describes very 
carefully and thoroughly the application of electricity to the melting and 
treatment of steel in America. Naturally, in view of the importance of the 
basic process, most of the volume is devoted to this, one chapter only being 
allotted to acid-mclting practice, The chemical reactions are coni^er^, 
and the actual making of a heat of steel described. Following an intro- 
ductory chapter on the past, present, and future of “electric steel," the early 
chapters deal with the materials used and the electric arc furnace. Later 
chapters consider in quite a complete manner the cold scrap process. A 
chapter is given to the hot metal process which includes refining steel. The 
chapter entitled “ Electric steel pouring practice," on casting temperatinre, 
rate of teeming, mould design, etc., is on a subject which is of importance in 
steel-making generally. 

The object of the author has been to describe fully the process of making 
steel in the electric furnace ; to consider power supply, electrodes and linings, 
to describe generally various kinds of furnaces, but to give little attention 
to electrical details. 

The electric furnace provides the steel-maker with an appliance which 
has quite special deoxidising features — the atmosphere is strictly reduchig, 
while very fluid deoxidising and desulphurising slags can be produced-**- 
which means that particularly high-grade metal is possible. Mr. Sisco is 
enthusiastic on this point, and predicts an extensive use for such steel in I3ie 
future. 

The book is clearly printed and well illustrated, and can be recommended 
to those engaged on making steel in the electric furnace, to the young metal- 
lurgist, and to those interested in the subject. £. Couartf am. 

The Deiign ol XMegrems lor Engineering Fonnnlai end the Theory M 
Momography. By Laurence I. Hewes, B.Sc., Ph.D., and Hbrsmt 
L. Seward, Ph.B., M.E. xi + ro8, with 83 illustrations.] 

(London : McGraw-Hill Publishing Company, 1923, Price 25A net.) 

This book is a short and admirable treatise on the general prindplei trf 
" Nomography," and their practical application to engineering formum. It 
is based throuf^ut on the methods of analysis adopted by Prof. M. d'Ooagiie^ 
the originator of this valuable system of applied mathe^tics* 
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Ookmtil R. K. Hoxlet. in 19x3, published the first English exposition of 
the subject, written in conlormitv with the original treatment of d'Ocagne ; 
but to the average reader, with scant knowledge of analytical geometry 
and the properties of determinants, it was not very comprehensible, and in 
consequence appealed only to a limited circle. 

In the volume under review the same ground has been covered, but in 
a more comprehensive manner, and this extended treatment, together with 
the numerous worked -out cases of an advanced character, should be of great 
assistance to those students of the subject who have hitherto found a diffi* 
culty in following the general methods of analysis and chart construction. 

In the preface the authors state that the aim of the present writing 
has been therefore not merely to give elementary methods of drawing simple 
diagrams, but also to develop the grasp of the reader, so that he will be aide 
to analyse the more complex formulas of engineering practice." 

The latter part of this statement is fully borne out by the authors* con- 
sistent adherence to the fundamentals. General functional notation is the 
medium of expression throughout. Although on a first reading the reader 
acquainted only with elementary algebra may have some difficulty in grasp- 
ing the significance of the unfamiliar symbolism, further perusal and study 
of the very clear explanatory text will soon remedy this defect, and he will 
then find himself in a position to deal efioctivcly with the graphical presen- 
tation of the more complicated types of engineering formulae. 

In this country, as a rule, the " theory of determinants ** is not made a 
part of the ordinary college course of the engineer, and, as already indicated, 
the use of the determinant as an analytical tool proves a stumbling-block to 
the majority of readers. 

To the reader with a fair knowledge of elementary algebra the difficulty 
hero will be found more apparent than real. Only a few elementary ana 
simple properties of the third order of determinants arc required in nomo- 
graphic design, and this necessary information the authors have given con- 
dsely in an appendix, which can bc^ read and quickly mastered before the 
reader commences the study of the alignment diagrams in chapter iii. The 
determinant method of analysis is used from the beginning of this chapter 
to the end of the book. 

The book is divided into six chapters. In chapter i the function scale, 
scale factors, and various graphical methods of deriving function scales from 
already existing ones are discussed and illustrated. This preliminary matter 
is followed by a discussion of the simple form of nomogram derived from an 
equation of two variables. 

Chapter ii is devoted to the ** simple or elementary diagram,** graphed 
from an equation of three variables. This is the familiar type consisting of 
a family of curves of one of the variables plotted in the co-ordinate field. 
The principle and application of " anamorphosis,** whereby such a family 
ol curves is converted into a system of straight lines, is next discussed, and 
various cases, including the logarithmic ch^, arc worked out in detail. 
The special case of the hexagonal diagram is also considered. The functional 
notation employed in this section should afiord the reader, who is not versed 
in this, a good opportunity of studying and becoming familiar with its use, 
before he takes up the more difficult matter dealt with in subsequent chapters. 

In chapter iii the alignment or coUinear “ type of nomogram,** derived 
from an equation of three variables, is discussed at considerable length. 
The methods of transformation of the given formula into the ** first ** and 
then to the final ** reduced ** determinant form, and the formation from the 
latter of the parametric *' defining equations ol the three corresponding 
ptame curves, are clearly explained. Their applications are then very fully 
ithittrated in detail, in the design of eighteen nomograms of weU^knowii 
gofineering foprmulat, 

*3 
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Chapter iv deals with the case of the alignment type of nomogram for 
an equation of more than three variables. A general ^scuation of binary 
function scales '* and curve*nets ** is given, and is followed by detailed 
consideration of the collinear diagram with two parallel scales and one 
curve-net for an equation of four variables, then the collinear diagram 
with three curve-nets for an equation of six variables. 

Four nomograms of this typt are worked out in detail. 

Jxx chapter v diagrams of alignment with two or more indices ’* are 
discussed. The index *' referred to by the authors is the operative line 
which has to be drawn across the scale axes or supports of the nomogram 
in order to obtain a solution of the given equation. In many instances this 
equation can be split up into two or more parts, each part containing two of 
the variables and connected with the succeeding part by an auxiliary 
variable. 

When this division is possible, two or more alignment nomograms of 
three variables can then be constructed and linked together. The scale lines 
or supports of the auxiliary variables form the connecting links and are 
called “ hinge or pivot scale supports." This is the tyj^ of nomogram 
discussed, together with a variant for a foiir- variable equation in which the 
pivot axis is dispensed with and the two index lines are drawn cither parallel 
or perpendicular to one another. 

Six nomograms of complex engineering formulae are worked out in detail. 

In chapter vi the authors have introduced wliat they state is " a new 
class of diagram based on the fundamental principles already developed." 
This is called an "alignment diagram with adjustment," since the index 
line has to be pivoted about a known point in one curve-net until it 
determines the value of the unknown variable simultaneously in two 
other curve-nets. 

By this general alternative method the number of types of equations to 
Which the alignment principle is immediately applicable is enl^ged, and 
various equations, which cannot be readily identi&d with the t3q)e equaticoa 
discussed in the preceding chapters, can be effectively dealt with. It is 
shown, in fact, that the type equations previously discussed are simply 
special cases of the general type dealt with in this chapter. Seven cha^s 
illustrating the application of this general principle are worked out in 
detail. 

In addition to the appendix on " determinants of the third order," there 
is another on " the projective transformation," which is implicitly involved 
in various algebraical processes necessary for the construction of the align- 
ment type of nomogram. 

A list of fifty-three type equations discussed throughout the text is 
given at the beginning of the book, and also a list of the examples solved* 

At the end of each chapter a number of problems are given for solution 
by the reader. 

Most of the charts^ which are excellently drawn and figured, fill the page, 
which measures X2 inches X 9 inches. The scales are well chosen and open, 
and the results can be read to a degree of accuracy quite sufficient lor 
practical purposes. 

The tyx’e-setting is excellent, and the text is practically free from typo- 
graphical slips— a matter of great importance in a book of a mathematical 
nature. 

Altogether the book reflects credit on both authors and publishers. It is 
an impeutant addition to the literature of this sul^ect in English, and may be 
recommended with confidence to those engineeni who wish to obtain a com** 
prehensive grasp of the fundamental principlei of this important brandh at 
applied xnathematiss and put their imowiedge to practical use in their 
professional work. 
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WmKOBLSMnOVM 

(t) Aoroho-Aaabvtl Analyied. By P. McBride, M.D., F.R.CP.E., F.R.S.E. 
[Pp. ix -f 142.] (London : William Hcinemann, 1924* 3 ^* 

net.) 


(2) A Oritloal Examination 0! Piyoho-Analysia. By A. Wohlgemuth, 

[Pp. 250.] (London : George Allen & Unwin ; New York : The 
Macmillan Company. Price 105. 6d, net.) 

(3) Modern Theoriei o! the Unoomoioiu. By W. L. Northridge, M.A., 

Ph.D. With an Introduction by Prof. J. Laird, M.A. [Pp. xv 4 - 
193.] (London : Kegan Paul, Trench, Triibncr & Co., 1924* Frice 
85. 6d. net.) 


So many books are now being written on psycho -analy-sis that we softer 
from an emharras de richesses and hesitate to say anything at all on the 
subject, especially as it is a medical one which is rather outside the scope 
of Science Progress. But these three works afford a good opportunity 
for the study of scientific reasoning at least, and the two first ones pretty 
well dispose of a much-advertised bogey. Tlie books of Drs. P. MacBride 
and A. Wohlgemuth appeared simultaneously and are in general a^eement 
as to the invalidity of what is called psychO“anal>"sis ; and we think that 
the authors have substantiated their case. At the present day there are 
many spurious medical movements which, like weeds, flourish for a day 
or two and then die down. We should say, judging from numerous excerpts 
in these books and from some of his own writings which we have read, that 
the dream-theory of Dr. Freud is almost entirely baseless. Probably every 
dream that has ever been dreamed could be interpreted in many different 
ways. For instance. Dr. Wohlgemuth gives an analysis of the famous dream 
of Pharaoh regarding the fat kine and the lean kinc, and shows tliat Joseph’s 
interpretation was only one of many possible interpretations. The same 
can evidently be said of all the interpretations given by all the psycho- 
analysts of all the dreams dealt with by them. In fact the interpretation 
evidently brings in an outside element, namely, the mind of the interpreter ; 
and on reading the numerous examples given by the psycho-^naly.sts we 
cannot help thinking that it is the psycho-analyst himself who is describing 
his own Psyche. We do not wonder that Sir Clifford Allbutt exclaimed 
regarding these efforts: "Is it unfair to say that the interpretations given 
by psycho-analysts to the dreams of our modem Jacobs and Daniels are 
incredible nonsense ? " Then, again, the psycho-analysts bring in an entity 
which they call the subconscious mind, without proving that there is any 
such thing. Undoubtedly our memory holds facts which we forget for years 
nntil something recalls them out of the depth of the great m^ of know- 
ledge which is held within every person's intellect-*— such as, for instance, the 
temembrance of faces of persons whom we have not seen for a long time. 
But this is not the same thing as the alleged " subconscious mind " of the 
analysts* We think it likely that the subject has now had its day and will 
shortly disappear from scientific ken. There may be one or two small 
points of value contained in this "new philosophy," but they seem to be 
mixed up with too much spurious matter to be of any real use. 

The third book, however, is apparently in favour, not only of psycho- 
analysis, but of many other speculations, such as telepathy, ghosts, and 
similar entertainments of a few peculiar minds, and can hardly bo dealt 
with as a serious contribution to science. 

Comparing such books with some recent excursions of exceptional medial 
men, one really begins to wonder whether a little senility is not now begin- 
liing to appear in the public intellect, as it did in Italy after the third century* 
Soienoe has flourished exceedingly for five centuries ; but we know what 
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Ibappemed to th« sdenoe of the andents after it also had flonrialied tot 0 
period not much longer than that which has elapsed since Copernicus. Are 
we certain that all of those who dabble in scientidc hypotheses are really 
intellectually capable of climbing the arduous scientific Parnassus ? 

R. R. 


An Elementary treatise on Freanency Onryee and their Applioation In the 
Analysis ot Death Oar?es and Lite Tables. By Arne Fisher. With 
an Introduction by Raymond Pearl. [Pp. xv -»• 240, with 11 
figures and an Index.] (New York: The Macmillan Co., 1924.) 

Although the large-type heading of this book is Frequency Curves, Mr. 
Fisher's main purpose is to present a new method of construction of mor- 
tality tables which he believes will be of great value in supplementing the 
mesent actuarial methods. This proposed method depends, however, on the 
fitting of Charlier’s Frequency Curves, and the first half of the book is there- 
fore devoted to this subject. It would be out of place to discuss here the 
relative merits of these and other types of frequency curves, but there is 
no doubt that the English statistician or actuary who has only vague ideas 
of the Scandinavian methods associated with the names of Gram, Thiele 
and Charlier will find Mr. Fisher’s first chapter well worth reading. The 
several methods of procedure for fitting both the " A " and ** B ** type 
curves, whether by miding the constants in terms of the moments of the 
observations, or by least squares, or by a logarithmic transformation, are all 
illustrated vdth numerical examples. One gathers, however, that it is only 
after considerable experience that the statistician can decide which of these 
half-dozen methods to apply, and in this way the theory appears to compare 
unfavourably with that of the Pearson system of curves where definite 
discriminating criteria exist. 

The second half of the book is entitled " The Human Death Curve," 
Here is outlined the method of forming mortality tables from a knowledge 
of deaths alone, i,e. without information of the numbers exposed to risk at 
each age. The method depends on the hypothesis that it is possible to 
divide the causes of death into seven or eight typical groups, and that within 
each group the percentage frequency distribution of deaths according to age, 
in a stationary population, can be represented by a Charlier frequency curve 
whose parameters can be chosen a priori. We have, for example, deaths 
typical of (1) Extreme Old Age, or again .(viP) Early Life Occupational 
Hazard, etc., the whole of the 189 causes of death of the International 
Classifi^tion being divided in this way among the groups. 

The method is a novel and suggestive one, but the sole justification depends 
on the validity of this hypothesis. In the case of the material from the State 
of Massachusetts where the numbers exposed to risk were known, a table 
has been calculated by Mr. Fisher in the ordinary way, and the final rates 
of mortality for different ages obtained by new and old methods show satis- 
factory agreement. On the other hand, for the Michigan data, the diagrams 
given to illustrate ** Goodness of Fit " between actual and theoretical pro- 
portional death-rates are not convincing. For all the seven groups repre- 
sented there is a systematic difference between observation and theory, 
suggesting that the particular system of Charlier curves used by Mr. Fisher 
does not adequately represent the American data. And one cannot help 
wondering whether an actuary is really content " for practical purposes " 
with fits that often give theoretical frequencies differing xo per cent, and 
sometimes ao per cent, from the observed values in a group of 1,000 or 
2,000 deaths ? 

But if the author appeam a little over-sanguine about the adequa^ of 
his methods, they are certainly worth studying, £. S. P. 
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IlMAfUgt HmUnn in flit Utirthire ol Sdiiiee. Arranged by Wiluam 
Caat Dampibr Whsth^, M.A., RR.S., and his daughter, Mar- 
GARBT Dampier Whetham. [Pp, X + 275.] (Cambridge : at the 
University Press. Price ys. 6d.) 

This entertaining little book comes very opportunely. The tide of litera- 
ture in scientific history flows well and strong, and marks a happy move- 
ment in the right direction. Attention has been drawn increasingly during 
the pa^ few years to the cultural aspects of scientific education. There is 
something more in science than the cash value of its utilitarian inventions 
and its capacity to produce “ death and other rays. The progress of 
scientific thought through the ages is interlocked with the progress of civilisa- 
tion generally ; each has reacted on the other, so that it is right and inevit- 
able that the liberal-minded student of humanity must coimt within his 
ken the influence upon humanity of the broad movements in scientific history. 
It is but a short year since lindon University, recognising this fact, set 
up its new Board of Studies in the History and Method of Science under 
the chairmanship of Prof. Whitehead and the secretaryship of Dr. Charles 
Singer ; and now, carrying this to its logical conclusion, a new M.Sc. degree 
has been instituted in the History and Method of Science which undoubtedly 
opens up a new era in the conception of university teaching in scientific 
ttought. It is hoped that other universities will quickly respond to the 
lead given by London. Certainly the fine scheme of lectures and lecturers 
arranged is a happy augury of the attitude of our foremost teachers of science 
towards the scheme as a whole. 

In their way, such works as that which is here under notice all serve 
to play their part in this important project. Hence our view as to the timely 
appearance of these Cambridge Readings in the Literature of Science, The 
authors have planned their work well. In a review of the past, two essen- 
tials to success are, as a matter of practical ex{>eriencc, the rigid adherence 
to a systematic plan, and the avoiding of doing too much. The authors have 
succeeded well in both respects. Tbey have developed the story of three 
broad movements in the history of science — the evolution of modem con- 
ceptions of cosmogony, the growth of atomic theories, and the development 
of conceptions of biological evolution. Here are three important stories, 
and our authors have rightly allowed the philosophers of the past to speak 
for themselves. The arrangement of matter and the preliminary notes on 
each writer are excellent, as are also the illustrations and index. A book 
to be thoroughly recommended. 

I. B. H. 


▼tiiial BAocition: A Oomparativa Study ol Motion Pleturea and other 

Hethodi of Initruotiom Edited by F. N. Freeman. [Pp. viii + 391.] 
Oiicago : University of Chicago I^ss. Price $3.50.) 

This interesting work gives a full account of a comprehensive scries of 
experiments made in various schools of the United States on the use of 
motion pictures in education. Chosen subjects were taught in two or 
three ways : by demonstration, or ordinary oral teaching, by the film with 
aub-titles, and sometimes also by fixed lantern-slides with or without oral 
teaching. The children were in each case subjected afterwards to a test, 
and the results tabulated. A certain degree of artificiality may have arisen 
from the necessity to use existing films and base the lessons on them. 
Teachers, however, who are interested in the question will find the report 
well worth perusal. The limitations of the use of the film in education 
are just those which general considerations would lead us to exmet. 

W. E. B. 
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BoonoiBio Oeoiftplif* R. H, Writbscx and V. Q, Fikcb. % 4* 
558.] (London : McGraw-Hill PubliBbing Co., 1924. Price 175. 6 d. 
net.) 

In common with most American geographical publications, the first im- 
pression made by this book is the excellenoe of its maps, diagrams, and 
other illustrations, which are both profuse and pertinent. One criticism, 
however, may be nuule. Many of the distribution maps have no date, nor 
do they say on how many years' average they are based. 

The preface states that the book is intended for " students of college 
age," and aims at showing " human adjustment to geographic environment." 
At the same time, the " utilitarian " aspect has not been neglected. 

More than the book is taken up with the section on the United 
States and Canada, and these pages are distinctly good, with the emphasis 
in the right place and a number of exceedingly well-made points, e.g. 2 " The 
cotton -manufacturing industry of the United States has outgrown its domestic 
market," p, X03. Another praiseworthy feature of this section is the 
attention paid not only to exports, but to imports also, e.g . : of raw silk, of 
woollen and even cotton goods, etc. The chapter on Fuel and Power is par- 
ticularly interesting, with its eloquent cross-scctions across the Appalachian 
and the East Pennsylvania coal-fields, its diagram of the pipe-line 83rstom 
for distributing petroleum and its reasons why the United States are not 
likely to become largo exporters of coal in the near future. The chapter on 
Inland Transportation makes some very pertinent remarks on the " glamour " 
surrounding inland waterways. 

It follows, from the amount of space devoted to the United States, that 
the treatment of the rest of the world is slight. 

As far as South America is concerned, the summaries are adequate, with 
emphasis on essential points, and are assisted by maps illustrating, e,g., 
mineral products of the west coast, the irrigated lands of Peru, etc. 

The chapters on Europe, though fuller, suffer somewhat from over-com- 
pression, but the introductory chapter, though primarily for the American 
public, may be helpful even to Europeans, since it deals with facts which, 
because so obvious, are often overlooked. It is disappointing, however, to 
find a map purporting to show the principal racial stocks of Europe actually 
showing merely linguistic divisions. 

The sections on Asia, Africa, and Australia are slight, and nowhere 
approach the excellence of the United States chapters. 

The statistics are mostly well up to date,' in some cases being as recent 
as 1923-4. 


M. R. Shackleton. 
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RECENT ADVANCES IN SCIENCE 

nnUB XATHE1KATI08. By F. Pxjrybr White, M.A., St. Jobn't 

College, Cambridge. 

An International Mathematical Congress was held in Toronto 
from August ii to i6, 1924, under the auspices of the University 
of Toronto and the Royal Canadian Institute. It was con- 
ducted in conformity with the regulations of the International 
Research Council, which meant, in short, that Germans were 
not invited. In spite of the distance, some 130 visitors from 
Europe attended the meeting, but naturally enough they were 
outnumbered by residents in the American continent, there 
being some 200 from the United States and 70 from Canada 
itself. The hospitality of our hosts was most generous, and 
Prof. C. Fields, the Chairman of the Congress, who was 
largely responsible for its organisation^ is to be congratulated 
on its success. Special weight was laid on the Applied side, 
and the Congress was thus able to take advantage of the 
presence in Toronto for the British Association meeting of 
distinguished men whose interest was in the applications of 
mathematics to practical problems' of science and engineering. 

To one whose first experience it was of a learned inter- 
national gathering, the proceedings were most interesting. 
To see Prof. Koenigs in the magnificent costume of the Paris 
Acadimie des Sciences was ample compensation for having 
to hear him read out an interminable list of delegates from all 
the unimportant societies in the world, and there was always 
the pleasing feeling of not knowing what language the next 
speaker would use. And it was thrilling, though perhaps 
disappointing, to see in the flesh men with whose names and 
wrhmgs one had long been familiar. But at times one felt 
isolated and lost in the crowd. At the first session of the 
Geometry Section Prof. Seven of Rome was unanimously 
voted into the chair ; he thereupon delivered a short haran^e 
in Italian, in the course of which he referred to the contribution 
of the Anglo-Saxon race to geometry and mentioned in gbwing 
terms the work of Cayley, Sylvester, and Salmon. The only 
Englishman present endeavoured to raise a cheer, but the 

H 



363 SCIENCE PROGRESS 

rest of the audience were either not following or thought the 
occasion too solemn, and the attempt was a dismal failure. 

It may perhaps be profitable to give some account of the 
papers in Pure Mathematics which were down for communica- 
tion to the Congress, as indicating some of the lines in which 
mathematical research is active at the present time. 

Algebra. — L. E. Dickson gave a lecture entitled, “ Outline 
of the Theory to date of the Arithmetics of Algebras,” a theory 
which has been put upon a satisfactory basis by the work of 
the lecturer, and which is to be found in his recent book. 
Algebras and their Arithmetics. The chief novelty is a new 
definition of the integral elements of any associative algebra 
over the field of rational numbers, it being proved that there 
always exists a set of integral elements with this definition ; 
whereas under the earlier definitions of Hurwitz and Du Pas- 
quier most algebras fail to possess integral elements. L. £. 
Dickson also read a paper in which the theory is extended to 
algebras over any algebraic field and, in particular, quaternions 
over any quadratic field are examined. Du Pasquier ako 
gave an historical account of the development of the idea of 
the integers of an algebra. 

Determinants. — P. A. MacMahon gave an account of his 
interesting and curious discoveries about determinants and 

E irmanents ; one awaits with impatience the appearance of 
s memoir in the CawAridge Philosophical Transactions. 

Groups . — ^The only paper on this subject was by G. A. 
Miller, who considered the subgroups of the holomorph of an 
abelian group which have the property that two cycles which 
are conjugate under the subgroup are necessarily commutative. 

Fermat’s Last Theorem . — If the equation 
is satisfied by integers x, y, e, p being an odd prime which does 
not divide xye, then it has been proved that 

“as I (mod />*), 

for « - 3 , 3, 5, Ilf i7> and if i (mod 3) also for m - 7, 13. 
H. S. Vandiver, by simpler methods, shows that the relation 
is true for m 7, 13 with p any oddprime, and he extends the 
criteria still further. 

Differential Equations. — F. H. Murray examines the asymp- 
totic distribution of the characteristic numbers (EigewweHe) of 
a self adjoint linear partial differential equation of the second 
order in two variables corresponding to the boundary condition 

A Green’s function is obtained and investigated 

by means of the theory of integral equations, the method 
being similar to that used by Weyl for the case of the boundary 
condition m— o. 
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Jmarianis. — Pol3momials .in the coefficients of a form 
/(^> *• • • • which have the invariantive property with 
respect to all linear homogeneous transformations on . .x, 

with integral coefficients taken modulo p, where p is a prime, 
are called formal invariants modulo /> of / if the coefficients of 
/ are independent variables, but are called modular invariants 
if the coefficients of / are integers taken modulo p. The theory 
of the latter is much the simpler and has been extensively 
developed by Dickson and others. In particular the finiteness 
of the totality of concomitants of this type has been proved 
for any form or system of forms. The concept of formal 
modular invariants was introduced by Hurwitz in 1903, but 
comparatively little progress has been made in the general 
theory and, as far as I know, the theorem of finiteness has 
not been proved in the general case. O. E. Glenn, however, 
communicated a paper containing a proof for the binary 
quantic. The method is one which the author used to obtain 
a new proof of Gordan’s theorem {Trans. Amer. Math. Soc., W, 
1919), and consists of an extension of the theory of associated 
forms to concomitants which are functions of the coefficients 
of the transformation as well as of the coefficients and variables 
of the form. Another paper on formal modular invariants of 
forms in several variables was read by W. L. G. Williams. 

Functions. — M. Plancherel communicated some theorems 
on conditions under which series of orthogonal functions converge 

almost everywhere. Thus, if 5 • 2n+ i converges 

for B>o, then the series of Legendre polynomials (*) 

converges almost everywhere in the interval (—1, i). The 
method is that which has been used by A. KolmogorofF and 
G. Seliverstoff for Fourier series. 

J. H. Shohat had down for communication a paper on the 
asyinptotic properties of a class of Tchebycheff polynomials at 
a point where the characteristic function vanishes. 

W. B. Ford read a paper on the asymptotic behaviour of 
the continuation of a power series outside the circle of con- 


vergence. 

J. I. Hutchinson developed new methods for numerical 
investigations in connection with the Riemann Zeta function ; 
he has calculated 14 roots in addition to those obtained by Gram. 

Cahulus of Variations. — A. Razmadz^ drew attention to 
the possibility of problems in the calculus of variations in 
which there is no continuous curve making the integral 

a minimum, but there are discontinuous curves 
Vith points of discontinuity of the first kind which give a true 
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minimum to the integral. He developed the theory for ex* 
tremals with one discontinuity. 

G. A. Bliss showed how the transformations used by Clebsch 
in obtaining a necessary condition for the minimising curve in 
Lagrange’s problem can be derived quite simply by applicatiom 
of HilTCrt’s invariant integral and of a formula due to Weier- 
strass. 

L. Tonelli gave an account of the method, expounded in 
his book Fondammli di Ccdcolo delU Variationi, by means of 
which he seeks to render the calculus independent of theorems 
of existence of ordinary and partial differential equations. 
He was led to adopt the point of view of the functional calculus, 
that is to consider the integrals as functions of lines or surfaces, 
in the manner of Volterra ; this meant that the theory could 
not be built up upon the concept of continuity, for which he 
substitutes the idea of semicontinuity, to the examination of 
which the larger part of his first volume is devoted. 

Geometry of the Triangle. — J. H. Weaver gave an account 
of a system of triangles having a fixed circumcircle and a fixed 
nine>point circle, and showed that the sides touch a conic 
having the circumcircle and orthocentre as foci, while the in- 
and ex>centres lie on a quartic curve which inverts into itself 
with respect to the nine-point centre. 

Polyhedra. — Vi, D’A. Thompson showed how by means of 
the plane repeating patterns of the regular polygons the whole 
series of the five regular (Platonic) and the thirteen semiregular 
(Archimedean) solids may be built up. 

A. H. Wheeler exhibited new ” blanks ” for the regular 
solids and for the four-star polyhedra of Poinsot. 

Algebraic and projective Geometry. — A.. B. Coble investigated 
the eitect of Cremona transformations upon a rational plane 
sextic curve and the related ten-nodal quartic surface, the 
symmetroid. 

F. Motley developed the process given by Sylvester and ex- 
plained in &lmon’s Higher Algebra for determining whether 
three curves whose equations are given have a common point. 

N. B. Maclean gave an account of certain surfaces related 
covariantly to a given ruled surface and obtained by means 
of the osculating planes to the two branches of the flecnode 
curve and of the complex curve. 

Differential Geometry . — £. Cartan gave an account of the 
relation of group theory to recent work on the differential 
geometry of n dimensions. 

J. L. Synge defined n - i mutually perpendicular normals 
and » - 1 corresponding curvatures for a curve in Riemann 
space of n dimensions and obtained a set of n Frenet-Serrst 
formula. 
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G. Fubini explained the methods which he has used in his 
researches on projective differential geometry. Gauss’s defi- 
nition of applicability is extended to congruences and other 
systems of lines for any group of transformations and in parti- 
cular for the group of collineations. Some of the theorems 
found are similar to those of metric geometry, but others are 
quite new. Many difficult problems arise which still await 
solution. 


JlITBOHOKT. By W. M. H. Grbavbs, M.A., Royal Observatory, Green* 

wich. 

Gravitational Displacement of Light . — ^An account of the results 
obtained by the expedition sent from the Dominion Astro- 
physical Observatory at Victoria to observe the total solar 
eclipse of Sept. 21, 1922, appears in the Observatory’s publica- 
tions, vol. ii, no. 15. The instrument used was a camera of 
6 inches aperture and ii feet focal length. The eclipse was 
observed at Wallal on the north-west coast of Australia, and 
the night comparison plates were obtained at Tahiti through 
the co-operation of the Lick party. Two eclipse plates and 
three night comparison plates of the same field were obtained. 
One of the comparison plates was taken film down through the 
glass, and was used as an intermediary for comparing each of 
the eclipse plates with each of the other two night plates. 
Three solutions were made. In the first of these all the stars 
on the plates were taken into account, in the second solution 
three stars were omitted, and in the third solution one of these 
three stars was retained. The values of the Einstein displace- 
ment at the sun’s limb given by the three solutions are i '75, 
I ''42 and 2'*i6 respectively, the predicted value being I'-zs. 
The observations are thus in harmony with the predicted 
amount, but they are not accurate enough for the purpose of 
determining the form of the law connecting displacement with 
distance. 

The Form of the Luminosity Function. — F. H. Seares {Astro- 
physical Journal, vol. lix, no. 5, pp. 310-38, June 1924) gives 
a determination of the Luminosity Function which expresses 
the relative number of stars of different absolute magnitudes. 
If we could determine the absolute magnitudes of all stars within 
a certain region of space we could obtain the Luminosity 
Function directly, but in order to know a star’s absolute 
magnitude we must determine its distance, and, owing to the 
fact that parallax observers select their material for high ap- 
parent brightness, and large proper motion, the intrinsically 
faint stars tend to be lost. Gmsequently, in order to determine 
the lunfinosity function, it is necessary to resort to some 
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statistical process, which automatically eliminates errors arising 
from selection of material. 

The observational data used by Seares is drawn from 
Lu3rten’s list of stars of large proper motion, and from the Mount 
Wilson catalogue of 1,646 si^ctroscopic parallaxes. From 
these sources a list of 32 5 .stars, nearly all within 50 parsecs of 
the sun, was prepared. For each star the absolute magnitude 
M - w + S + 5 log IP, and a quantity H defined as being 
equal to w 4- S log y. was written down (w denotes apparent 
magnitude, tt parallax in seconds of arc, and y proper motion 
in seconds of arc per annum). The material was then divided 
into groups according to values of H and for each group the 
mean value M - H of the quantity M - H was formed. The 
values of fi — H so obtained were plotted against the values 
of H and the resulting graph was found to consist of two 
straight lines intersecting at M— H-— i*i, H — 7’5. So 
that for groups of stars for which H < 7’S M — H is connected 
to H by a linear relation, and for groups for which H > j'S the 
relation is again linear, but is not the same as before. F^rom 
these relations formulae can be deduced, giving the geometrical 
mean parallax of a group of stars of apparent magnitude m 
and proper motion y. The formulae obtained by Seares are 
(7 denoting geometrical mean parallax) : 

log w - log M - - 072 - 0 066 H (H < 7 S). 

log 7 — log /* — — I -1 7 — o-oo6 H (H > 8-o). 

It will be noticed that for stars for which H > S-o (the intrinsi- 
eally fainter stars), the parallax is correlated mainly with the 
inx>per motion, and is practically independent of the apparent 
mamitude. 

From these formulae Seares deduces the Luminosity Function 
by the welUcnown method of Kapteyn (a brief account of which 
appears in English in Eddington's Stellar Movements, pp. 215- 
218). The value used for the probable deviation of log w from 
its mean value was 01 59. 

A previous determination of the Luminosity Function had 
been made by Kapteyn and van Rhijn, who obtained a Gaussian 
frequency curve with a maximum at about M -■ 77. Their 
determination was based on an empirical relation, which is 
practically the same as the first of the two relations given 
above. Seares 's work has now shown that, for the intrinsically 
fainter stars, this relation must be replaced by another (the 
second relation quoted above), and so we would expect the 
luminosity curve of Kapteyn and van Rhijn to be in error for 
the intrinsically fainter stars. Actually Seares '5 luminbsity 
curve follows that of Kapteyn and van Rhijn up to about 
M • 6 ; it then diverges, and the divergence becomes serious 
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beyond M -9, Scares 's curve rising steadily up to M > 14. 
For h%her values of M data are not available, and it is 
impossible to tell whether the curve ultimately descends 
or not. 

Seares’s result, as far as it goes, indicates that the number 
of stars of a given luminosity becomes more and more as we 
proceed to the intrinsically fainter stars, the number of stars 
of low luminosity being much more than has hitherto been 
supposed. Since luminosity is known to be closely related 
to mass, it suggests that the most frequent mass of the 
stellar order of size is less than that of any known luminous 
star. 

For the neighbourhood of the sun, Kapteyn and van Rhijn 
found a total density of 0-045 1 stars per cubic parsec. With 
a Luminosity Function such as that now obtained, total density 
has no meaning, and we can only determine the number of 
stars per unit volume brighter than a given limit of absolute 
magnitude. Seares gives a table showing the results for 
various limiting values of M. He finds that the total number 
of stars per cubic parsec brighter than M =» 14-86 is 0-098, and 
is thus about twice the total for all magnitudes found by 
Kapteyn and van Rhijn. 

The Maxima of Absorption Lines in Stellar Spectra . — 
second paper on this subject by R. H. Fowler and E. A. Milne 
appears in Monthly Notices, R.A.S., vol. Ixxxiv, no. 7, pp. 499- 
51s, May 1924. In the previous paper formulae had been 
developed connecting the temperature at which a given absorp- 
tion line in the spectrum should be of greatest intensity with 
the partial electron pressure in the region of origin, and with 
certain atomic constants relating to the elements concerned. 
TTie necessary constants have now been obtained by A. Fowler 
for the cases of trebly ionised silicon, and ionised carbon, which 
are important in the spectra of the hotter stars, and these 
results are applied by Milne and Fowler to the calculation of 
the temperatures and pressures in the reversing layers of 
these stars. 

Denoting the partial electron pressure in the reversing layer 
by P„ and the temperature there at which a given line attains 
maximum intensity by T*,,, it was assumed in the previoiK 
paper, that P, - 1-31 x io“* atmospheres, this being the value 

wmch gave T - 10,000® for the Bahner lines, which are 

obsMorved to have their maximum in stars of type Ao. Using 
this value of P„ the temperature in the reversing layers of 
stars of type B2 comes out to be 16,000® as calculated from the 
Unm of unionised helium and 16,560° as calculated from the 
lines of ionised carbon. For stars of type Bo to O9, the lines 
of trebly ionised silicon give a temperature of 26,600°, and the 
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lines of ionised helium give a temperature of 35,300° for stars 
of type O5. It should be remem oered that the temperatum 
refer to those regions of the reversing layer in which the lines 
in question have their origin. The “ effective ” temperatures 
which refer to a deeper level should be higher. 

ITie effective temperatures of Bo stars have been deter- 
mined by spectrophotometric methods, and the values that 
have been thus obtained lie in the neighbourhood of 15,000°. 
Fowler and Milne’s value for the reversing layer is over 10,000° 
higher. Now the reversing layer temperatures, as deduced by 
the above method, depend on the assumed value of P,, and if 
P, were smaller the deduced temperatures would be smaller. 
Fowler and Milne investigate the possible modifications in 
their assumed value of P„ which was derived from assigning 
a temperature of to, 000° to the Ao stars. They find that P, 
should increase with increasing values of surface gravity, and 
with increasing excitation potential, and should decrease with 
increasing abundance of the element relative to free electrons, 
and with increasing atomic absorption coefficient. The dis- 
cussion gives no basis for suspecting serious errors in the tem- 
peratures found, and indeed suggests that some of them should 
be increased. 

The dependence of P, on the value of surface gravity g 
is interesting. Fowler and Milne find that P, should increase 
with g and accordingly in dwarf stars (for which g is higher) 
a given line should attain its maximum intensity at a higher 
temperature than is the case in giants. This would mean that 
for a given spectra] type giants should have lower surface 
temperatures than dwarfs, and this is what is actually 
observed. 

Fowler and Milne also investigate the values of P, for 
principal lines which have their origin at a much higher level 
than subordinate lines (on which the above values are based), 
and for which accordingly the values of P, are much smaller, 
“niey abo investigate the corrections which must be applied to 
their previous formulae when two ionisation potentiab are 
close together. 

The outstanding result is the high values of the reversing 
layer temperatures obtained by Fowler and Milne as compared 
with the effective temperatures obtained by spectropnoto- 
metric observations. Fowler and Milne recall a suggestion of 
Pbskett's to the effect that for the early type stars the departure 
from black body distribution is so great that the effective 
temperature has no relation to the true temperature. They 
point out that, if this is so, the objections to the high tempera- 
tures obtained by them disappear. 

The Origin 0/ Stars , — In Harvard CoUege Observatory Cirwhr, 
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no. 257, H, Shapley criticises Jeans’s theory of the origin 
of stars. According to this theory stars are normally created 
out of spiral nebulae, and first make their appearance as con- 
densations in the arms of one of these nebulae. Jeans accepts 
van Maanen’s measures of the apparent angular rotation of 
the spirals, and is thus led to assume that the bright spirals 
are less than 10,000 parsecs distant. 

Van Maanen has suggested 2,000 parsecs as the distance of 
Messier 33. Adopting this figure, Shapley finds that it would 
lead to the conclusion that the absolute magnitudes of the 
condensations in the spiral are fainter than + 6, indicating 
a luminosity similar to that of dwarf stars of spectral type K. 
But, according to the generally accepted ideas of stellar evolu- 
tion, stars should be born in the giant stage, and their absolute 
magnitudes at birth should be in the neighbourhood of —2. 
Shapley ’s result is, therefore, adverse to Jeans’s theory. Similar 
results are obtained for other bright nebulae. 

Shapley also calls attention to a study of a group of nebulous 
objects situated near R.A. la**, 27“ Dec. + 14“. The inte- 
grated photographic magnitudes of twenty objects in this 
group have been estimated and their mean photographic magni- 
tude is 11*2, the total range in magnitude for the twenty 
objects being 2 •7“. The average brightness is thus only a magni- 
tude fainter than that of the nebulae whose internal motions 
have been measured, and, assuming that they are comparable 
with the latter, Shapley deduces that any stars of absolute 
magnitude -2 associated with these nebulae should be of 
apparent magnitude 11-5. A study of the stars in this region, 
however, shows that there is no unusual excess of stars of this 
magnitude. According to Jeans’s theory such an excess would 
have been expected. 

From these and other considerations, Shapley concludes 
that " if we accept the evidence from the measures of internal 
motions and radial velocities, with regard to average distances, 
the direct data of photometry and stellar distribution lend 
little support to the hypothesis that spiral nebulae are generating 
normal low density stars.” 

The Distance of the Lesser Magellanic Cloud . — A revised 
estimate of the distance of this cloud is given by H. Shapley 
in Harvard Observatory Circular, no. 2^5. The method used is 
the well-known one of comparing the apparent magnitudes of 
Cepheid variables in the cloud with their absolute magnitudes 
as deduced from the Luminosity- Period relations. Previous 
investigations by this method, which were based on Miss 
Leavitt’s preliminary magnitudes, gave a distance of about 
10,000 parsecs. Revised magnitudes are now available, and 
Shapley obtains a distance of 31,000 parsecs with an estimated 
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probable error of 15 per cent. In obtaining this result, the 
adopted mean absolute magnitudes of typical Cepheids has not 
been changed from the values used in previous investigations. 

Using this value of the distance, Shapley finds that the 
average transverse linear diameter of the small cloud is 3,000 
parsecs. He also finds (using Wilson’s value of + 170 
for the velocity in the line of light) that the cloud was in or 
near the Milky Way i-q x 10* years ago. He also finds that 
the brightest stars in the clouds exceed absolute photographic 
magnitude — 5'S. For these stars Harvard spectrum plates 
show a predominance of late types, and the visual absolute 
magnitudes must occasionally exceed - 7-0. They are accord- 
ingly the brightest stars yet recorded. Shapley estimates that 
the linear diameters of the brightest variables in the cloud are 
of the order of 10’ kilometres. 


MBraOXOXiOCl'T. By E. V. Newnram, B.Sc., Meteorological Office, 
London. 

Prof. S. Chapman discusses the lunar atmospheric tide at 
Mauritius and Tiflis (Trans-Caucasia) in the Quarterly Journal 
of the Royal Meteorological Society for April 1924. This paper 
IS one of a series dealing with the atmospheric tide at Green- 
wich, Batavia, Hong-Kong, and Aberdeen. He finds the 
amplitude of the semi-diurnal component of the tide to be 
51 microbars at Mauritius and 27 micro bars at Tiflis. In the 
case of Mauritius the maximum pressure precedes the moon 
by 17 minutes but at Tiflis it is the other way about, for there 
is a lag of 52 minutes. In addition to these and other interest- 
ing facts about the atmospheric tide at these two places the 
paper contains valuable advice about the best general methods 
of working up barometric records in researches of this kind. 
The same journal for July 1924 contains a second paper by 
the same writer on the semi-diurnal oscillation of the atmo- 
sphere. Beginning with a summary of the earlier researches 
of well-known mathematical physicists, in particular those of 
Kelvin, Margules, and Lamb, Prof. Chapman describes some 
of his own researches into the oscillations that are probably 
produced by world-wide variations of temperature and by 
the tidal action of the moon. These researches are of a mathe- 
matical kind, and the paucity of observations of pressure and 
temperature in the free air unfortunately prevents any verifica- 
tion of the deductions made. Prof. Chapman does not consider 
that there is reliable evidence of a variation of the semi-diurnal 
osciflation of the atmosphere with height in the free atmosphere, 
such as Hann deduced from the observations of mountain 
stations, for he considers that the existence of any such varin- 
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tion could be proved only by analysis of observations made in 
the free air. 

The daily oscillations of the atmosphere at certain Scottish 
stations are dealt with in another interesting paper, by Dr. A. 
Crichton Mitchell, entitled, “ On the Diurnal Variation of 
Atmospheric Pressure at Eskdalemuir and Castle O’er, Dum- 
fries-shire,” which appears in The Quarterly Journal of the Royal 
Meteorological Society for April 1924. The writer compares 
the diurnal inequalities of pressure obtained at these two 
stations, which are slightly less than lo kilometres apart, at 
altitudes of 242 and 180 metres respectively, and have not 
widely dissimilar exposures, both being in the valley of the 
Esk, The periods analysed are 1911-20 for Eskdalemuir and 
1902-08 for Castle O’er, the discussion of the Castle O’er %ures 
having been made by Dr. C. Chree some years ago {Q.J. Met. 
Soc., 87 , 1911). The present comparison yields some con- 
siderable divergencies, the figures for Eskdalemuir being in 
nearly all respects similar to those obtained by averaging the 
harmonic elements found by Angot in 1887 for stations between 
SO® and 60“ N. Dr. Mitchell attributes the divergencies to 
faulty compensation of the Richard barograph used at Castle 
O’er, and considers that the Castle O’er figures are not repre- 
sentative of that area. Dr. Chree points out, however {Q.J. 
Met. Soc., July 1924), that the discrepancies are not of the 
simple kind that might have been expected if incomplete com- 
pensation for temperature were their main cause, and gives 
some figures showing that widely different harmonic elements 
may occur in different years at one station. The complexity 
of this subject is made very evident in the course of these 
discussions, which indicate that a great deal of further research 
mi^ht usefully be made. 

Dr. Anders Angstrdm’s work on radiation is well known. In 
a report to the International Committee for Solar Research on 
“ Actinometric Investigations of Solar and Atmospheric Radi- 
ation,” a summary of which he has forwarded to the Royal 
Meteorological Society {Q.J. Met. Soc., April 1924), some statis- 
tics of fundamental importance in the ph3rsics of meteorology 
are given. The figures given are based on over a year’s observa- 
tions made with his pyranometer* at Stockholm. An out- 
standing result is the important contribution to the total 
incoming radiation in high latitudes made by diffused radiation 
^m the sky, as is shown in the table on the following page. 

Angstrdm devotes particular attention to the relation 
between the total incoming radiation on a particular day 
and the sunshine, the sunshine being expressed as a percentage 

> Dssdribad is Monthly Weathw Rmhm, Washington, 47, X9X9, p. 793, 
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RADIATION mCOMB AT STOCKHOLM, JULY I9S3~JUNB tw 
(Graat-calories per square centimetre) 
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• These refer to 1923. 


of the maximum possible. From the figures for Stockhohn 
he arrives at the following empirical formula : 

ft -ft (0*25 +o7sS). 

where Q, — total radiation income during the day. 

Qg — total for a perfectly clear day. 

and 5 -• sunshine (ratio of actual to max. possible). 

This formula makes it possible to determine the total incoming 
radiation at places which are not equipped with a pyranometer 
provided there is a record of the sunshine. Almost ^exactly 
the same constants were found for the records obtained by 
Kimball at Washington. 

In the figures for individual days obtained at Stockholm 
the influence of convection was clearly shown by the presence 
of a minimum between noon and 4 p.m. on days of abundant 
sunshine^ due doubtless to the formation of cumulus clouds, 
and of a minimum between the same hours on cloudy days 
due to the tendency for convection to break up uniform cloud- 
sheets. The nocturnal radiation sent out by a horizontal 
totally absorbing surface towards the sky was also investigated 
and found to depend chiefly on the temperature of the surface 
itself and on the absolute humidity of the air near the surface ; 
the latter is to some extent a measure of the moisture content 
of the atmosphere, while the former is ivith the arrangement 
usually adopted simply the temperature of the surroundii^ air. 
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We may write i?- F{p, t) 

where R -• nocturnal -radiation 

F » a function of the absolute humidity (p) and 
of the temperature (/) 

The radiation of the atmosphere (A) is, of course, given by the 
difference between the radiation which should be sent out 
according to the Stefan-Boltzmann formula and the radiation 
R observed 

so that A — <rT* - F{p, /), 
where T is the absolute temperature. 

Angstrdm has attempted to determine the function F(p, i) by 
numerous observations of R made in Algeria, California, and 
in northern Sweden ; also in balloon ascents at Lindenberg, near 
Berlin, and by observations of absorption by the lower layers 
of the air together with measurements of the radiation received 
from above and below at various points in the atmosphere. 

He finds that : 

(i) For a group of long waves, constituting about 25 per 
cent, of the radiation emitted by a perfectly “ black ” surface, 
the atmosphere, even when moist, is perfectly transparent. The 
energy of this group for temperatures between + 30®C. and — 30 ®C. 
is roughly proportional to the fourth power of the temperature. 

(3) There is another group of waves constituting about 
SO per cent, of the radiation emitted by a perfectly " black ” 
surface which is totally absorbed by quite a thin layer of the 
atmosphere (30 metres is very nearly sufficient when the water 
vapour present has a pressure of the order of 10 mm. of mercury); 
the absorption is probably due to water-vapour. 

(3) A third group, constituting about 25 per cent, of the 
“ black body ” radiation, is absorbed to a very variable degree, 
chiefly by the water vapour in the atmosphere. In the case 
of (3I and (2) just as for (i) the energy is roughly proportional 
to tne fourth power of the absolute temperature between 
+ 30* and - 30® C. 

(4) The atmosphere at levels between 4400 and Si^oo 
metres radiates about 50 per cent, of the radiation of a black 
surface at the same temperature, as would be expected from (2). 

(5) From (2) and the distribution of water vapour we may 
surmise that at higher levels, up to 10,000 or 15,000 metres, 
the atmosphere also radiates 50 per cent, of the radiation of a 
black surface at the same temperature. 

Oe$an Currents and fFind, — In the same journal (Q./, 
Met. Soc., April 1924) C. S. Durst makes an attempt at verifying 
Elamm's theory of ocean currents * by means of information 

> Elonan, V. W., “ Oo the Infinence ol the Earth's Rotation on Ocean 
Ctureati^" Ark. Matem., Stockholm, S, 1905. No. ii. 
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about the currents in the open ocean obtained by observing 
the differences between ships’ true positions at noon and the 
positions- obtained by *’ dead reckoning/’ due allowance being 
made for leeway, etc., these differences enabling the mean 
current for the twenty-four hours between successive noon 
oteervations to be calculated ; the winds corresponding with 
these currents were obtained from the four-hourly estimates 
made as part of the ships’ routine. 

The observations for various tracts of ocean were analysed 
separately; an immediate result was to show that, in the northern 
hemisphere the current tends to set to the right of an observer 
standing with his back to the wind, as would be expected. For 
the southern hemisphere the rule was found to be reversed. _ 

Comparing the figures for current and wind velocity, 
grouped according to latitude, Durst finds a tendency for pro- 
portionality ; certainly the stronger winds produced the 
stronger currents. Calculations of the co-efficient of turbulence * 
outside latitudes 20° N. and S. showed that this coefficient 
varied to a moderate extent only. This being so, it was found 
possible to combine the means for different latitudes outside 
those limits, and, after multiplying the mean current velocities 
by Vsin figures were arrived at which showed approximate 
proportionality between the current and the wind. From this, 
using Jeffreys’ formula, it follows that the coefficient of turbu- 
lence varies as the square of the wind velocity. 

Separate treatment of the currents and winds in the tropics 
showed that the currents are out of proportion to the Trade 
winds. This, it is concluded, b either due to a definite tilting 
of the ocean’s surface or to the surface current extending down, to 
regions of small turbulence. 

The 27-Day Period in Terrestrial 'Magnetic Disturbance.—^ 
A paper by the Rev. A. L. Cortie with thb title appears in 
Proc. Roycd Soc., Series A, vol. 106, No. A 735. The paper is 
an account of some observations which suggest strongly that 
the 27-day period in terrestrial magnetic disturbances is con- 
nected with a restricted area of solar dbturbance and not with 
a periodic dbturbance of the whole solar surface. 

The observations were made during a long period with 
comparatively calm conditions on the sun, from May 1921 to 
July 1923. During thb time the few sunspots that occurred 
were almost confined to one-half of the sun’s dbc, and were 
arranged around two well-marked centres. There were two 
very long sequences of terrestrial magnetic dbturbance at 
approximately 27-day intervals ; from the exact length 

* Thit constatrt was defined by H. JeiGFnys when oarrobomting EkmsaM 
theocy (Jefik^. H., " On Turbohnce in the Ocean/’ Phil. Meg., $B, 

P> 578). 
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tiuese intervals the solar latitudes of the assumed sources of 
disturbance on the sun were derived, while the solar longitudes 
were obtained by noting the longitudes of the sun’s central 
meridian on the days of magnetic disturbance. The two posi* 
tions on the sun obtained in this way from the terrestrial 
magnetic phenomena, one in the southern and the other in the 
northern hemisphere of the sun, were found to fit the two 
regions of observed solar disturbance . The most marked magnetic 
disturbances, however, did not correspond with the periods of 
greatest sunspot and floccular activity. The magnetic distur- 
bances persisted after the sunspots had disappeared, when only 
flocculi and faculse remained to show the activity of the region. 

Prediction of Oceanic Swell in Morocco. — Montagne in 
Annales Hydrographiques, 3me s6rie. No. 709, 1922 (pp. 157- 
83), describes the work of the " Service de Prediction de la 
Houle " at Rabat, a service which was organised in July 1921. 
It is not proposed to describe in detail the aims and work of 
this institution. Much of the pioneer work was carried out by 
Gain (Ann. du Serv. Hydr., 1918, pp. 66-8), who examined 
synoptic weather-charts for Western Europe for the period 
1915-18 and observed the state of the sea at Casablanca during 
the same period. He arrived at a number of empirical rules 
connecting the occurrence of swell at Casablanca with the 
general meteorological situation. These rules may be sum- 
marised by saying that swell reaches Morocco when there is a 
deep depression suitably situated out on the Atlantic provided 
certain other conditions are also fulfilled. For example, the 
dep^ssion must not move too rapidly towards the East, nor 
must it follow a track to the north of Iceland, nor south-east- 
wards between Ireland and Norway ; the interposition of an 
anticyclone between the depression and Morocco also prevents 
the arrival of swell. Montagne, in the present paper, extends 
the rules of Gain j he used observations of swell from a lai^er 
area, including the Azores and Portugal, and studied the 
differences as regards liability to swell from various directions 
shown by particular stretches of the Moroccan coast. 

It is impossible in a short space to deal with all the points 
touched on 1 ^ Montagne. One notes that swell from W. and 
N.’W. is the most dangerous and generally reaches all parts of 
the Moroccan coast almost simultaneously. The time which 
elapses between the appearance of a swell-producing depression 
aim the arrival of the swell at Morocco is generally between two 
and four days. In the later put of the paper Montagne dis- 
cusses a method of prediction which is based i^n the observa- 
tkm that the ” i^eriod ” of swell generally increases in length 
pluvious to an increase in its intensity. The ” period,” it 
may be noted, varied from 10 to 18 seconds, or, rarely, a little 
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longer, the longest swell originating generally at the greatest 
distance. The conclusion is reached that, whereas observations 
of swell by ships out on the Atlantic would be useful for fore> 
casting purposes, exactly what phenomena should be observed 
is not yet certain. 

Wind Wave and Swell on ' the North Atlantic Ocean . — 
summary of a pa|^r by Dr. Vaughan Cornish bearing this title, 
delivered to Section E of the British Association at Toronto 
on August 8, 1924, appears in Nature (September 13, 1924, 
p. 394). Cornish made his observations on a voyage from 
Southampton to Trinidad and back. Waves were nearly 
always observed to travel with a speed less than that of the 
wind, but in those cases where there was a swell running in the 
same direction as the waves the difference was very slight. 
There was abundant evidence that a crossing swell hindered 
the development of waves and reduced their velocity, especially 
when the swell was meeting the waves. The direction of 
breakers was found to be intermediate between those of swell 
and wave (the breaker being formed when they override), so 
that the practice of estimating the direction of the wina by 
observing the direction of the " curl " on the water gives 
erroneous results whenever there is a cross>swell ; the general 
run of the waves, however, gives a trustworthy result. 

Thermal Stratification in the Atmosphere . — ^A long paper on 
this subject by W. Peppier appears in Beitrdge zur Physik 
der freien Atmosphdre, Band xi. Heft 3, 1924, pp. 79-95. This 
papier is largely statistical, being an analysis of nearly seven 
thousand sets of meteorological observations obtained during 
captive balloon ascents at Lindenberg (Berlin) from 1910 to 
1916. The number of observations is over a thousand for all 
levels below 4,000 metres. Of the Various statistical tables 
the second is perhaps the most interesting, as it shows the 
frequency with which inversions of the normal vertical decrease 
of temperature, and isothermal layers, occur between various 
limits of height up to 5,300 metres. Tlie principal maximum 
is in the layer 122 to 310 metres above the ground, but there 
are pronounced secondary maxima at 1,310-1,500, 2,310 to 
2,500, 3,910-4,100 and 4,310-4,500 metres. Most inversions, 
except those near the groimd, were found to be smaller than 
3® C., while those exceeding or equal to 6® C. were very rare and 
were practically confined to the autumn and winter. As regards 
thickness, layers of “ inversion and of constant tempem- 
ture were fohnd to have an average thickness varying between 
193 metres and 225 metres for heights less than 1,900 metres. 
'ImckneKies of more than 1,000 metres sometimes occurred, 
but were very rare ; they were, with only one exception, ean- 
fined to the autumn and winter. VlHien inversions of at least 
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S'C. were considered, 63 out of 75 were found to be of the 
type which appears above stratus and strato-cumulus clouds, 
and is associated in most cases with extremely low relative 
humidity. Peppier discusses the causes of inversions. Apart 
from those near the ground, which are caused by loss of heat 
from the surface by simple radiation, the most fruitful cause 
appears to be the dynamical warming of air which sinks towards 
the ground, especially in the neighbourhood of anticyclones. 
Such descending movements rarely approach nearer than 
within 1,500 metres of the ground, and are undoubtedly 
responsible for the important maximum in the frequency at 
1,310-1,500 metres, which has already been mentioned. A 
multiple stratification is not uncommon, and is doubtless caused 
by irregular interpenetration of cold and warm air currents. 
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BlOCKmCUREBiT. By R. Kbith Cannan, M.Sc., University College, 
I«ndon. 

Th* scientific occasion of the summer has been, undoubtedly, 
the meeting of the British Association at Toronto during 
August. To biological and medical science the event was of 
particular significance. On the one hand, the opportunity was 
presented of felicitating the Nobel Laureates, Prof. MacLeod 
and I^. i^nting, in the town and university where the dramatic 
work on insulin, which earned for them the applause of the 
world, was accomplished. On the other hand, it was the 
piivilege of enerimental medicine to provide this year, in the 
person of Sir David Bruce, the President of the Association. 

It is not our intention to review again the progress in the 
understanding of the many problems raised by the experimental 
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use of insulin. The work was survewd a year ago, and, it must 
be confessed, the further progress is likely to be more imperative 
of attention a year hence than it is to-day. A subject of real 
interest is, however, suggested by the Presidential Addrns of 
Dr. H. H. Dale to the section of Physiology. Dr. Dale reviewed 
the position and prospects in Chemotherapy {Chemistry and 
Industry, 1924, 48 , 931), -pointing out that the most promisihg 
results in this field were in those diseases caused by parasitic 
trypanosomes — diseases of which our knowledge is in large 
measure due to Sir David Bruce. 

Chemotherapy . — Chemotherapy may be regarded as the out- 
growth of the study of the natural antibodies. When it came 
to be realised that to certain forms of infection the body was 
unable to reply by the production of efficient antibodies the 
thought arose in the mind of Ehrlich to supplement the defi- 
ciencies of nature by the products of the synthetic chemist ; 
to produce in the laboratory substances specifically toxic to the 
parasite but innocuous to the tissues of the host. The audacity 
of the project is sufficiently revealed by the confession of our 
almost complete ignorance of wherein lies the specific chemi^ 
distinction between the protoplasm of the parasite and of its 
host. Attracted first by the specific staining properties of 
many dyes, Ehrlich found a benzidine dye, Trypan Red, which 
gave promise as a therapeutic agent in attacl^g the tr}rpano- 
some. A related toluidine dye named Trypan Blue was later 
shown to be still more discriminating. More recent work has 
added new and more valuable drugs at the same time as it 
has rendered the nature of their action the more perplexing. 
In 1920 Handel and Joetten published observations on the 
therapeutic use of " Bayer 205 « substance whose identity, 

if not its general nature, was concealed under patent rights by 
the famous German chemical firm. Quite recently, however, 
Foumeau and his associates {Ann. Inst. Pasteur, 1924, 88 , 81) 
have synthesised a compound, which has been labelled “ 309.” 
and which appears to be either identical with or to be a sub- 
stitute of equal value as the product of Bayer. The structure 
given to “ 309 ” is 


NaSO, 


NaSO, NH 

'CO. 

SO,Na 


coO 




CH, 


NH 

do 


O-NH-CO-NH-O 


CH.('~VcO~NH SO^a 

f CO^ 

do 


'SO^n 


Foumeau's " 309 ” (possjbly identical with Bayer ao-S "). 
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The ratio between the organotoxic and the parasitoxic dose » 
reported to be, in the case' of infected mice, more favourable 
tlmn too. Cslses are recorded of cures of sleeping sickness in 
human beings by its aid. A further startling development has 
been that due to Levaditi and Nicolau {Ann. Inst. Pasteur, 1924, 
S8, 179, and earlier numbers) that certain bismuth preparations 
and even bismuth suboxide and finely divided metallic bismuth 
yield, on incubation with cell-free liver extracts, substances with 
specific toxicity towards spirochaetes in vivo. The successful 
treatment of some human syphilitic is reported (Fournier, Ann. 
Inst. Pasteur, 1924, 88, 40). Levaditi and Nicolau consider 
that the bismuth compound unites with a constituent of the 
tissue extract which they call “ bismogfene’” to produce the 
active agent “ bismoxjd.” Certain other observations of 
recent date are significant in this connection. " Bayer 205,” 
on standing in serum for an hour, becomes so combined with 
the proteins as to be retained on ultrafiltration and precipitated 
on coagulation of the proteins whilst it will, as will also Trypan 
Blue, prevent the normal precipitation of the serum proteins 
by such agents as mercury salts or tannin (Dale, foe. cit.). 
Again Bayer 205 (Steppuhn and Brychonenko, Biochem. Z. 
1923, 140 , i) and Trypan Blue as well as certain other 
structurally unrelated dyes (writer’s unpublished observations) 
will inhibit the clotting of blood in sub-toxic doses both in vivo 
and in vitro. 

These facts but emphasise a special function of the tissues 
of the host in the activity of the drug — a function more implicit 
in the following observations. Neither the substances dis- 
cussed nor the familiar arsenical preparations (salvarsan, 
atoxyl, tryparsimide) have a visible toxic action upon try- 
pimosomes or spirochaetes in vitro, though cultures so treated 
fail to infect animals into which they are subsequently injected. 
Again, the curative value of a particular preparation in the 
case of the same infection varies notably with the species of 
the host. 

Many years ago Ehrlich showed that the reduction of 
atoxyl yielded a substance — an arsenoxide — extremely toxic 
to tryp^osomes. Similarly the partial oxidation of salvarsan 
gives a highly toxic arsenoxide. It is reasonable to infer that 
the efficiency of these drugs lies in the respective reduction or 
oxidation by the body at a rate favourable to the elimination 
of the parasite without prejudice to the tissues of the host. 
Voegtiin {Pub. Health Rep. U.S. Pub. Health Serv., 1923, 88, 
1883) g^ves this view more substance by the observation that 
derivatives of arsenious oxide .combine readily with substances 
«»iltaining the sulphydryl group, whereby their toxicity is 
much teduced. It is a natural si ^ gestion that such a reaction 



380 SCIENCE PROGRESS 

with possible respiratory sulphydryl compounds, sitch as 
glutathione, may explain the reaction of these drugs by the 
consequent disturbance of the oxidation-reduction equilibria 
of the protoplasm. A similar affinity remains to be demon- 
strated in the case of the therapeutic dyes. It certainly appears 
to the writer significant that the only obvious property which 
these various agents ha^e in common is a certain ease of rever- 
sible oxidation and reduction. If they should be amenable to 
our technique for the investigation of oxidation-reduction 
potentiab data might accrue to establish the view of Voegtlin 
in more concrete and more embracing terms. 

The Chemistry of Immune Specificity . — survey of the pro- 
blems of chemotherapy lead inevitably back to a demand for 
some knowledge of the chemical nature of the reactions specific 
to particular tissues and notably to the chemistry of the proolems 
of specificity encountered in Immunology. It is particularly 
happy, therefore, that we should be able to record an important 
series of papers (Avery and Heidelberger, J. Exper. Med., 
1923, 88, 73, and 1924, 40 , 301), wherein the “ soluble specific 
substance of Dochez and Avery {J. Exper. Med., 1917, 86 , 477) 
has been submitted to a very full examination. This substance 
has been isolated from the filtrates of cultures of pneumococcus, 
and yields precipitates with the immune sera of the homologous 
type of pneumococcus in dilutions up to i in 3,000,000. The 
serological specificity of the various types of pneumococcus is 
probably dependent entirely on this substance, so that it is 
highly satisfactory that gross chemical differences are to be 
found between the soluble specific substance isolated from 
cultures of Type 11 and that from cultures of Type III. Both 
consist, in their present state of purification, of about 0*2 per 
cent, of nitrogen, 75 per cent, of a polysaccharide, and 25 per 
cent, of unidentified structure. However, the Type II sub- 
stance is dextro-rotatory, the Type III substance tevo-rota- 
tory ; the former, if the salt of an acid is the salt of a weak 
soluble acid, the latter is the salt of a very strong, sparingly 
soluble acid. The carbohydrate moiety of the substance pf 
Type II is built up of glucose units whereas that of Type III 
consuts of glucuronic acid or an allied sugar acid. Assunung 
the two substances to be chemical individuals the authors repre- 
sent their specific characters by the formulae. 

Type II Type III 

< CH,OH 

COOH *NCOOH 

Biochemists will appreciate the attractive possibilities when 
it is recorded that the specific soluble substances are stable to 
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iwat, to acids, and to the action of enzymes. The criticism that 
the material isolated is merely inert material containing the 
specific substances appears to have been well met. 

T^e same authors (/. Exper. Med., 1933, 88, 81) have shown 
that pneumococcus contains a second specific agent, separable 
and chemically distinct from that discussed above and having 
different immunological properties. This substance is a pro- 
tein and is both serologically and antigenically less specific 
than is the bacterial cell. Its nature is at present under in- 
vestigation. Whereas the polysaccharide substance is specific 
to the type of pneumococcus, the protein substance appears 
to be specific only to the species. Finally, it should be em- 
phasised that although the soluble specific substance is 
specifically reactive with antibody produced in response to 
immunisation with the intact organism, yet the substance, when 
dissociated from the other constituents of the cell, is but slightly, 
if at all, capable of producing antibody formation. 

The Isolation of the Vitamins^ — ^Although the earlier work on 
vitamins raised fears that they were likely to prove as elusive 
as the specific agents of the bacterial cell, a very few years of 
active work has brought us almost in sight of the isolation and 
chemical definition of several of them. The growth-promoting 
and anti-rachitic factors are found most richly in cod-liver oil, 
which has consequently been the source from which their 
isolation has been attempted. The first step was made when 
Steenbock and Boutwell (J. Biol. Chem. 1920, 48 , 121) and 
Drummond and Coward {Lancet, 1921, 8, 698) found that after 
saponification of the oil the whole of the potency remained 
concentrated in the unsaponifiable matter. A concentration 
of the vitamin one hundredfold was thus effected in one step. 
Removal of cholesterol from this material reduces the bulk 
by one-half but leaves the activity unimpaired. Drununond’s 
{themistry and. Industry, 1924, 48 , 938) latest report was de- 
livered at the British iGsociation and described how fractiona- 
tion of the oil with superheated steam followed by a distillation 
in a high vacuum yielded four fractions one only of which 
was active. This fraction, which boiled at 350® at 2 mm. 
pressure, consisted essentially of an unsaturated alcohol with 
a: molecular weight of 350 or thereabout. Whether the 
vitamin is to be identified with this alcohol or with some lesser 
constituent of the fraction remains to be determined. It is 
interesting that the activity survives such drastic treatment 
as the acetjrlation, benzoylation, and hydrogenation of the 
alcohol, but is susceptible to oxidation. 

Vitamin B has been always a more popular member to seek 
smce the early work of Funk. The latest and most notable 
meruit to the problem is Levene (/. BUd. Chem., 1934, 81 , 439), 
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who, with van der Hoeven, surveys in a i»eliminary papn 
metnods of a>ncentrating yeast extracts as the first step in 
the isolation of the active factor. Even so the solutions ob- 
tained are of astonishing potency comparable to the activity 
of the crystalline preparation reported by Seidell. The latter 
worker has obtained a crystalline picrate which analyses as 
QHuO,NaOH . QH,(NO|)8 and whose prophylactic dose for 
young pigeons is about 2 mgm. every other day. Levene 
believes that when vitamin B does really submit to purification 
its potency will be found to be much greater than this. 

Eddy, Kerr, and Williams {Proc. Soc. Exp. Biol, and Med., 
1924, 81 , 307) have pwepared in small quantity a crystalline 
substance which they regard as the substance called “ bios " 
by Wildiers. The proof of the identity waits upon the pre- 
paration of the substance in larger quantity. 

The search for the antiscorbutic factor or vitamin C continues 
to be prosecuted diligently by Zilva, who has obtained very 
active concentrates of decitrated lemon-juice (Biochem. J., 
1923, 17 , 410 and earlier papers), which, after the removal of 
invert sugar by fermentation, contain chiefly nitrogenous 
substances (Biochem. J., 1924, 18 , 182, 186), although the total 
nitrogen present is only o*oo4-o*oi4 per cent. 

nrSICAA CXXWnTBT. By W. E. Garnbr, M.Sc., Univenity 

College, London. 

Active Molecules . — The conception of active molecules put 
forw^d by Arrhenius to account for the speed of chemical 
reactions has been very fruitful in initiating experimental 
work and theoretical speculation. The precise nature of the 
activity in thermal reactions is, however, still uncertain, it 
being doubtful whether chemical reactivity be due to molecules 
possessing high internal or high kinetic energies. In photo- 
chemical processes, it seems clear that reaction proceecb 
between molecules which, in absorbing radiation, undergo some 
intemolecular change, but the radiation theory advocated by 
Lewis and Perrin, according to which thermal reactions aie 
activated by radiant energy, is not supported by recent work. 
Even the existence of the “ true ” monomolecular reaction, 
which was the foundation-stone of the radiation theory, is in 
doubt, the decomposition of phosphine having been shown by 
Hinshelwood {J. Ckmt. Soc., 1924, 185 , 393) to be a suifsce 
reaction at least up to 1^44** Abs. 

Chemical activity is increased, not only by heat but also 
by the action of light, slow-moving electrons, o-particto, 
^.particles, y-raj^, positive rays, etc., the different agents 
not always ^bringing about the same change in a given ehern fcd l 
system. The same active molecular states may, however, be 
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produced by different agents as shown by experiments on the 
production of molecular resonance and ionisation, by means 
of radiant energy and by electron collisions. 

Several investigators have suggested that the same active 
states are produced in corresponding thermal and photo- 
chemical reactions, the molecular activation proceeding by 
collision in the one and by absorption of radiation in the other. 
For such reactions, the values of A, in the Arrhenius equation, 
d log kjdT — AjRT*, should be the same as those deduced 
from the absorption spectra of the compounds undergoing the 
chemical change. Thus, Rideal and Norrish {J. Chem. Soc., 
1923, 188 , 3216), from measurements of the temperature 
coefficients of chemical reactions undergone by sulphur, deduce 
that the values of A are simple multiples of 12,500 calories. 
It is suggested that the activation consists in setting free one 
or more chemical bonds in sulphur, either by collision or by 
the absorption of radiation, which processes require some 
multiple of the above amount of energy. On this view, activa- 
tion consists in the rupture of chemical linkings, either by 
means of light or collision. It is doubtful, however, if the 
disruption of the chemical bond precedes chemical action in all 
cases, especially in organic compounds where the formation of 
intermediate compounds and their subsequent decomposition 
very probably occur by the gradual transference of valencies 
from one atom to another. 

Light is thrown on the nature of the molecular states by 
spectroscopic measurements, although no distinction can yet 
be made as to those active in chemical reaction. V. Henri and 
H. de Laslo (Proc. Roy. Soc., 1924, A, 106 , 662) working on the 
ultraviolet absorption band-spectra of a number of organic 
substances, have shown that these fall into three classes : (a) 
groups of band series with fine structure, (b) groups of band 
series with no fine structure, 5-10^ wide, and (c) continuous 
absorptions over regions 100-300 A wide. In the first class, 
it is suggested that (i) the electronic movements, (2) the vibra- 
tory energy of the component atoms, and (3) the rotational 
ehergy of the molecule as a whole are all quantised, thus 
giving a large number of molecular states. In the second 
class, only (i) and (2) are quantised and in (c) only (1). If a 
number of these molecular states are chemically active, then 
the critical increment for thermal reactions is very probably an 
average value for the difference between the energy contents 
of a number of molecular states, and the normal state. 

Henri has found evidence of abrupt molecular change in 
the structure of molecules, the significance of which is -not 
yet clear. The absorption spectrum of a molecule evolves in 
type froni (a) through (b) to (c) with increase in the frequency 
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of the absorbed light, and he suggests there is a connection 
between the transition and intramolecular changes in structure. 
For naphthalene, absorption of type (o) was observed in the 
region 3,200-2,820 A and one of type (i) in the region 2,820- 
2,500 A. It is concluded that the sharp change in the spectrum 
is associated with an abrupt increase in the internal energy 
of the molecule of more than 101,000 cal./mol. 

Evidence of the occurrence of active states is afforded by 
a study of the light emitted during physical and chemical 
processes. For example, radiation is emitted in the combustion 
of carbon monoxide and hydrogen, in the condensation of 
mercury vapour, and during the activation of molecules by slow 
electrons. From the wave-length of the light emitted deduc- 
tions with respect to the critical increment of the active mole- 
cules may be made. Thus, H. A. Taylor and W. C. McLewis 
U A.C.S., 1924, 48 , 1606), from a study of the absorption and 
fluorescent spectra of anthracene, have deduced that the 
fluorescence in the anthracene-dianthracene system is due to 
the return of the activated molecule to the normal state. The 
energy change is 61,300 cal/mol of fluorescing substance. But 
the majority of chemical changes take place without the 
emission of light, and the physical processes of crystallisation, 
evaporation, electrolysis, which involves the discharge of ions, 
etc., are similar in this respect. Also an electron may be ab- 
sorbed from infinity by an atom with the occurrence of light 
emission. 

The existence of active states which do not emit radiation 
under normal conditions has been demonstrated by Franck and 
Einspom (Z. Physik., 1920, 8, 18), who determined critical 
potentials for mercury vapour (see also Takamine and Fukuda, 
Nature, i924» 114 , 382). These states may be defined as those 
whose period of stability, t, is considerably greater than the 
average interval between the collisions. Thus, they only 
return to the normal or other states on collision with other 
atoms, their energy being dissipated as kinetic energy. Such 
states must be produced during the absorption of radiation 
by a non-fluorescing or phosphorescing substance. 

It is the non-radiative cWacter of the active molecules in 
thermal processes which makes their examination so difficult. 
It is possible that radiation is emitted in all physical and 
chemical change when carried out at a sufficiently high dilution, 
but that in solution and in gases at high concentrations, the 
period of activity is large compared with the interval between 
the molecular collisions. This would indicate that the occur- 
rence of radiation in certain gaseous and other reactions is an 
accident due to lack of stability of the active state. 

An interesting example of the deactivation of a*molecttle 
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by collision is given by the experiments of Franck and Cario 
(Z. Pl^sik., 1922, 0 , 259); who showed that hydrogen molecules 
could be dissociated on collision with mercury atoms activated 
by exposure to light of wave-length 2,S36A (2/>, state). Duffen- 
dack and Compton {Physical Rev., 1924, 28 , 583) have confirmed 
this by experiments in a low voltage arc ; and also claim that 
nitrogen is similarly dissociated by mercury atoms in the 
2P state. Compton and Turner {Phil. Mag., 1924, vi, 28, 360) 
conclude that the activated mercury atoms on collision witn 
a hydrogen molecule gives rise to a hydrogen atom and mercury 
hydride which then dissociates into the atoms. The formation 
of transitory chemical compounds of this character in positive 
ray tubes has been shown by Sir J. J. Thomson {Rays of Posi- 
tive Electricity, 1921). Recently, several investigators, from a 
study of the band spectra emitted from mined vapours and 
gases, have been led to assume the formation of similar com- 
pounds. O. Oldenburg (Z. Physik, 1924, 26 , 136) has observed 
fluorescence from a compxmnd of nitrogen and iodine, and 
Barratt {Proc. Roy. Soc., 1924, A, 105 , 221) and Newman 
{Phil. Mag., 1924, 48 , 159) have found band sp)ectra which they 
ascribe to the association of the atoms of sodium and p>otassium. 

Phenomena in the Liquid State. — The specific heat tempera- 
ture curves of benzene, ethyl benzene, and carbon tetrachloride 
have been investigated by J. W. Williams and F. Daniells 
{J.A.C.S., 1924, 48 , 903, 1569) and slight irregularities have 
b^n observed (maxima, etc.), which indicate molecular changes 
in the liquids with rise in temperature. These irregularities 
are not so marked when water is present, the water catalysing 
the change from one molecular species to another. These 
phenomena recall the work of Baker on dried liquids (cf. 
Science Progress, 1923, 67 , 357). Smits {J. Chem. Soc., 
1924, 126, 1068) claims to have shown, by means of fractional 
distillation, that a fixed equilibrium is set up by the drying 
process. The existence of crystal nuclei in such liquids app>ears 
to have been established by Eastman {J.A.C.S., 1924, 46 , 917). 
He has shown that X-ray diffraction patterns may be obtained 
from liquid benzene, lines being obtained corresponding with 
those given by the crystals. 

Dehydration of Salt Hydrates. — Faraday noted that perfect 
cmtals of certain hydrates, e.g. sodium carbonate, did not 
effloresce, but that the dehydration took place rapidly if they 
were scratched or broken. Similar phenomena have since 
been found to occur in many heterogeneous processes. The 
dissociation of a solid into a gas and another solid may take 
place in one of two wajrs : (i) the original substance and its 
solid product may commingle so as to give a solid solution, 
Oig., dragOs — ^ 4 F« 80 g + Og, where a continuous series of solid 



386 SCIENCE PROGRESS 

solutions is formed « and (2) the two solids form two distinct 
phases, e.g., CoCO* COg + CaO. According to the phase rule, 
the first t3rpe does not give a dissociation pressure independent 
of the proportions of the two solids, whereas the latter, at 
constant temperature, gives a constant equilibrium pressure 
as long as the two phases are present. Langmuir {J.A.C.S., 
1916, 88 , 2263) has given a kinetic explanation of the two 
types of dissociation, and shows that, for equilibrium to be 
obtained in the second of these, condensation and evapora- 
tion must take place at the interface between the two solid 
phases. Thus COg does not evaporate from CaCOg unless this 
is in contact with CaO, nor does CaO absorb COg appreciably 
unless it is attached to a neighbouring molecule of CaCOg. 
Only under these conditions is the calculated ratio-rate of 
evaporation/rate of condensation — a constant at a given 
temperature. It was predicted that the rates of evaporation 
will be very slow in the initial stages of the dissociation of the 
pure substance, for here the area of interface will be very small. 
The rate of evaporation should be at a maximum when the 
two solid phases are practically in equal proportions, and 
again small as the composition approaches that of the second 
phase. Analogous behaviour should occur during rehydration. 
Richards had previously observed the existence of sudden 
changes in the rates of dehydration of salt hydrates (Z. AneU. 
Ckem., 1898, 87, 583) and Davis and Eyre have observed similar 
behaviour on the rehydration of fibres {Proc. Roy, Soc., 1933, 
lOiA, 512). More recently, Crowther and Coutts (Proc. Roy. 
Soc., 1924, 108A, 21$), using the Od^n-Keen automatic record- 
ing balance, have obtained accurate values for the rates of 
dehydration of CaSOgSHgO CaSOg3lIgO — CaSOgHgO, and 
&Q^2HgO — BaClgHgO — :k. BaClg. The velocity of dehydra- 
tion is less rapid the more nearly the composition approaches 
that of the pure phase, and is a maximum at the mid-point in 
the dehydration. These phenomena have not, so far, been 
found on rehydration, nor with all salt hydrates, but this was 
conceivably due to the difficulty of approximating to the true 
equilibrium conditions. This work provides an interesting 
confirmation of the Langmuir theory, which has been widely 
used to explain contact catalysis (Taylor, cf. Science Progress, 
*9*3, 3S9). 

CnOSOOT. By G. W. Tyaioax. F.G.S., A.R.C.Sc., Ph.D., UnivttsHy, 
Glasgow. 

Isost^; Dutstrophism : the Wegener Theory. — ^An important 
publication by W. Bowie (U.S. Coast and Geodetic Survey, 
Sjpened PuU., No. 99, 1924, pp. 91) deals with isostatic investiga- 
tions and data for gravity stations in the United States estab- 
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lished since 1915. The paper treats what may be called tira 
higher applications of the theory of isostasy to the mechanics 
of the earth's crust. Amongst the numerous topics discussed 
the most important is that of the elevation and subsidence of 
the crust. The most significant conclusions are that, since the 
crust is now in almost perfect isostatic equilibrium, this condi> 
tion must have obtained in the past, and therefore, during the 
processes of elevation and subsidence, the isostatic equilibrium 
is not greatly disturbed. Dr. Bowie further believes that the 
cause of at least the major surface changes has been a change in 
density of the crust directly beneath the affected area, thus 
reversing the orthodox notion of the order of cause and effect 
in this particular case. 

The strandflat is the relatively level area which extends 
along the western coasts of Norway and fringes the islands at 
a height of somewhat less than 40 metres above sea-level. This 
feature in its relation to isostasy and recent earth movements 
has been treated by Dr. F. Nansen in an exhaustive work 
(Vidmsk.-selsk. Skr. Math.-Nat. Kl., 1921, No. ii, Kristiania, 
PP* 3 * 3 )- The greatest breadth of the strandflat, 40-50 kms., 
is in Helgoland. The width of the feature diminishes towards 
the south, and to a less degree towards the north. 

According to Nansen the strandflat is the physiographic 
expression of the response of the earth's crust within the ^andi- 
navian region to its loading and unloading by the Quaternary 
ice-sheet. He infers that the crust is very responsive to local 
disturbances of equilibrium, and movements do not require 
a regional cause. With unloading isostatic equilibrium is 
re-established to within a few metres with only a short lag in 
time. Furthermore, isostatic movements of the lithosphere 
are not limited to especially mobile regions nor to periods of 
special crustal mobility. 

In his Presidential Address to the Geological Society of 
America D. White discusses gravity observations in relation to 
the local geology at stations east of the Rocky Mountains {Bull. 
6 $ol. Sole. Amer., 86 , 19^4, pp. 207-78). His chief contention is 
that the local geology should be studied before the positive or 
negative anomaly at any station is interpreted in relation to 
the doctrine of isostasy. He says : " Both the signs and 
amounts of the anomalies are, in large measure at least, con- 
troUed by the excess or deficient density of the underl3ring 
rocla in the upper crust, and, accordingly, are subject to com- 
pensations which, on the whole, will greatly reduce the apparent 
departure from isostatic balance. The inspection of the 
anomalies, with brief examination of the local geologic data, 
enoopages the view that the rock materials of excessive or 
deildbat we^ht causing the principal portions of the anomalies 
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lie relatively near the surface, and that allowance in the com- 

{ lutation for such matter would largely liquidate the anomalies, 
t follows that the equilibrium of the crust below the gravity 
station is very much nearer complete than is indicated by the 
anomaly as uncorrected for local abnormal densities relatively 
close to the instrument.” 

In a paper on the geological implications of the doctrine of 
isostasy {BuU. Nat. Research Council (U.S.), 8» pt. 4, No. 46, 
pp. 1-22) Prof. A. C. Lawson shows that if the principle of 
isostasy be operative for areas occupied by mountain-ranges, 
large graben, large deltas, and thick marine dei»sits, the 
isostatic adjustments of the shifts of load involved in each of 
these necessitate changes which would be expressed in strati- 
graphic, physiographic, and structural adjustments, and these 
constitute geological tests of the validity of the principle. 
Dealing with isostatic shifts of load, Lawson distinguishes two 
sets of conditions : (1) closed systems which, after local com- 
pensation, remain in balance with the rest of the earth ; (2) 
quasi-dosed systems in which local compensation is not com- 
petent to restore balance with the rest of the earth. There are 
probably two kinds of isostatic compensation : (i) local, by 
means of sub-crustal flow from the loaded to the unloaded 
region ; (2) general, involving a deformation of the geoid. 

A. Bom’s new treatise on ” Isostasie und Schweremessungen, 
ihre Bedeutung fUr geologische VorgSnge ” is reviewed at length 
by W. D. Lambert {Amer. Joum. Sci., 8; 1924, pp. 90-8), to 
which paper the reader is directed for a full summary. 

Prof. J. Joly has supplemented his paper on the movements 
of the earth’s surface crust by a second part which ampli^ 
his ideas regarding the conditions -of equilibrium which 
lead to transgressional seas, and also the distribution of 
temperature in the continental crust (Phil. Mag. (6) 46b 1923). 
The closely knit argument scarcely allows summary. The 
isostatic equilibrium of the continents is disturbed by the 
advancing liquefaction of the postulated “ basaltic ocean ” 
beneath in such a way as to cause the land masses to sink 
unevenly relatively to the sea-level, and thus become partially 
flooded (see Science Progress, Jan. 1924, p. 382). The thermal 
conditions arising out of radioactive heating impose a limit to 
the thickness of the continents, thereby also limiting their 
horizontal extent and the area and depth of the oceans. 

Abendanon’s theory of crustal deformation (” Considera- 
tions sur la dynamique cte r^corce terrestre,” Linn. d$ 
Lyon, Sept. 25, 1922) is difficult to summarise in a paragraph. 
It involves the compression of weak radial segments of the 
earth’s crust by heavier and more competent segments during 
radial shrinkage j the up-arching of the weak segment with 
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compression in the lower, part, and tension in the upper, result- 
ing in the formation of great &sures or graben parallel with the 
axes of folding. A long summary of the theory is given by 
L. J. Weeks (kmer. Joum. Sci., C 1924, pp. 85-90). 

W. H. Bucher shows that the earth’s " mobile belts,” in 
which ^at movements have taken place since the later 
Palaeozoic, are virtually continuous, and form a definite and 
characteristic pattern, namely, that of the closed belt or ring, 
and the cross {Journ. Geol., 82 , 1924, pp. 265-91). This is 
based chiefly on Haug’s pakrogeographic reconstructions. 
The continuity of these belts points to the conclusions (i) that 
they are due to stress conditions affecting the geoid as a whole, 
and not to local stresses ; and (2) that their pattern offers a 
clue to the mechanics of major diastrophism. 

Experiments made with glass spheres to show the mode of 
failure under compressive or tensile stresses indicate that the 
pattern of the mobile belts of the earth’s crusts is unlike that 
displayed by wrinkles formed on a thin shell adhering to a 
contracting core, or by fractures produced by compression on 
a thin shell adhering to a contracting core ; but that, on the 
other hand, it shows a distinct likeness to the pattern of frac- 
tures produced by tension on a thin shell adhering to an expand- 
ing core. 

Prof. Wilhelm Ramsay (Helsingfors), dealing with the pro- 
bable solution of the climate problem in geology (jGeol. Mag., 
6L 1924, pp. 1 52-63). connects changes of climate in geological 
time with the general rhythm of the geological cycle. An 
increased severity of climate, leading to miothermic conditions, 
accompanies the orocratic relief which prevails during and 
after the great orogenic periods. Similarly ameliorations of 
climate, leading to pliothermic conditions, follow the erosion 
of continents and mountains to pediocratic relief (peneplana- 
tion). Glaciation follows as a result of maximum relief, but 
interglacial periods do not imply corresponding fluctuations 
in relief. Tney depend on crustal movements and eustatic 
variations of sea-level due to the growth of ice-sheets in a 
miothermic period. 

Wegener’s views regarding the bearing of his continental 
drift hypothesis on ancient glaciations are drastically dealt 
with by Prof. A. P. Coleman {Amtr. Joum. Set., 7 , 1924, pp. 
398-404). For the Pleistocene glaciation Wegener assumes 
a North Pole shifted 20” so as to tc in Greenland, and centrally 
placed in his conglomerated northern continental area. He 
also Assumes a further easterly polar movement, so that the 
vestem glaciation is assumed to be earlier than the eastern. 
Prof. Coleman has no difficulty in establishing the contem- 
poraneity of glaciation over the whole world in the Pleistocene 
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and a universal lowering of temperature. The Permian re- 
frigeration, too, probably affected the whole world, and hence 
had some more general cause over and above the grouping of 
the land masses. 

Prof. W. H. Pickering discusses the Wegener hypothesis 
from the astronomical point of view {G«ol. Mag., 61 « 1924, pp. 
31-4) ; and refers to his theory of 1907 that the Assuring of the 
crust was caused by the birth of the moon. The bed of the 
Pacific is re^rded as the scar left by the catastrophe, whose 
point of origin was the northern point of New Zealand. Dia- 
metrically opposite, near Gibraltar, another great fragment 
must have left the earth’s crust, probably initiating the system 
of fissures which later widened into the Atlantic Ocean. AMord- 
ing to Prof. Pickering this took place in the Archsean, whereas 
Wegener places the initiation of rifting in the Mesozoic. 

E. Jaworski has written a useful summary of the develop- 
ments and criticisms of the Wegener theory of continental 
drift, with bibliography up to 1922 ; but he notices relatively 
little non-German literature (fieol. Rundschau, 18 » !922> pp. 
273-96). 

Petrography of Igneous Rocks. — A very detailed statistical 
study of the quantitative mineralogical composition of the St. 
Austell granite has been made by Dr. W. A. Richardson {Quarl. 
Joum. Ceol. Soc., 79 , pt. 4, 1923, pp. 546-76). Three distinct 
types have thus been found : biotite-muscovite-granite, lithio- 
nite-granite, and gilbertite-granite. The field relations and 
history of the intrusion phenomena have also been elucidated. 

The application of statistical methods (like those of Richard- 
son’s) to mineralogical and petrological problems is fully dis- 
cussed by Dr. P. Niggli (” i^wendungen der mathematischen 
Statistik auf Probleme der Mineralogie und Petrologic,” Neues 
Jahrb. f. Min. Beil.-Band. 1923, pp, 167-222). 

The igneous rocks of the Tortworth inlier have again been 
studied by Prof. S. H. Reynolds {Quart. Joum. Geol. Soc. 

1924, pp. 106-12). The lower band, consisting of albitised 
olivine-enstatite-basalts, is probably intrusive ; but the 
pyroxene-andesites (again with albitised felspars) of the upper 
band, which are associated with calcareous tuffs, are contem- 
poraneous lavas, and carry numerous quartz and felspar 
xenocrysts. 

In a paper on the petrographical provinces of Russia, F. 
Loewinsson-Ijessing (Bull. Soc. Geol. France, (4), 2 h, 1923, pp. 
142-57) comes to the conclusion that chemical study of toe 
rocks in general, and the distribution of the alkaline types in 
particular, do not support the idea of two universal classes o# 
Igneous rocks, Atlantic and Pacific, associated with different 
types of crustal movement. Further, the mean acidity (and 
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probafajy other parameters) of the igneous rocks of Russia is 
identical with that of igneous rocks in general as calculated by 
Qarke and Washington. 

Dr. N. L- Bowen proposes an alternative explanation for the 
ca kite-bearing igneous rocks of the Fen district, Telemark, 
Norway {Amer. Journ. Set., 8, 1934, pp. i-ii), than that of 
magmatic origin proposed by F^of. W. C. Brogger (see Science 
Progress, April 1922, p. 549). His view is that the carbo- 
nates are due to replacement, which has acted selectively on 
the original minerals. There are veining, interfingering, and 
speckling of the minerals by calcite in such a way as to indicate 
the work of circulating solutions. Further, recent experi- 
mental work by Smith and Adams on the system CaO-CO* 
shows that there are great difficulties in the way of accepting 
carbonate magmas in the accessible crust of the earth. 

The construction of a tunnel over three miles long through 
Mount Royal, Montreal, one of the essexite plugs of the Monte- 
regian Hills, has revealed seven different episodes of igneous 
intrusion (J. A. Bancroft and W. V. Howard, Tram. Roy. Soc. 
Canada (3), 17, 1923, pp. 13-45). Essexite was the first to be 
intruded, and forms the major portion of the igneous mass. It 
was itself later intruded by several series of dykes and small 
plugs of tinguaite, camptonite, nepheline-syenite, etc. The 
paper deals with the petrology of the essexites only. While 
95 per cent, of the essexite consists of the four minerab, augite, 
hornblende, plagioclase, and olivine, and definitely alkalic 
minerals form only a part of the remainder, yet chemical 
analysb shows that alkali molecules enter into the chemical 
constitution of the first three of the above-mentioned minerab. 
Consequently the diagnosis of the rock as essexite is maintained 
notwithstanding the apparent resemblance of some of the 
varieties to ordinary diorite and gabbro. 

In a paper' on the igneous geology of Central Colorado 
R. D. Crawford finds that the igneous and tectonic events have 
taken place in the following order : (i) intrusion of porphyries 
from great depth ; (2) large-scale folding and faulting ; (3) 
intrusion of quartz-diorite in small bodies ; (4) batholithk 
invasion of quartz-monzonite ; (5) minor faulting ; (6) deposi- 
tion of ores emanating from the quartz-monzonite ma^na ; 
(7) a second intrusion of porphyries ; (8) renewed faulting. 
The co-ma|pnatic relations of the rocks indicate a petrographic 
province of wide extent. 

A description, with some new anal3rses, of the nepheline- 
ayjnates of tne I^s Islands (Guinea), especially those that con- 
tain an abundance of rare earth minerals, such as eucolite, 
liyeaite, astrophyllite, and hiortdalite, is given by Prof. A. 
laeroix {Compies Renaus, Paris, tom. 178, 1924, pp. 1109-14). 



393 SCIENCE PROGRESS 

The Los suite is very similar in many respects to that of the 
Langesundsfjord region of Norway. 

^f. Lacroix has also described analcite-tephrite and 
analcite-basalt from Algeria (Comptes Rendus, Paris, tom. 
178, 1924, pp. 529-35); and has added an excursus on the 
classification of analcite-bearing lavas. Semi-crystalline rocks 
in which the minerals appropriate to their chemical composition 
are not expressed in crystalline form are said by Lacroix to be 
cryptomorphic. Thus rhyoUtoids, dellenoids, dacitoids, are rocks 
of rhyolitic, dellenitic, or dacitic composition, in which the free 
silica is not expressed in the form of quartz. In the same way 
the term scanSite (from a Sardinian locality) is used by Lacroix 
for a cryptomorphic form of analcite-basanite in which felspar is 
not expressed in crystalline form. Washington's term ghizite 
is similarly used for a cryptomorphic form of analcite-basalt. 

Dr. H. S. Washington has studied the lavas of Barren Island 
and Narcondam in the Bay of Bengal (Amer. Joum. Set., 7 , 
1924, pp. 441-56). Barren Island volcano has flows mainly 
of augite-andesite ; Narcondam consists entirely of hom- 
blende-dacite lavas. In petrological characters these lavas 
correspond with those which are found on the outer or convex 
sides of the Malay series of tectonic arcs or festoons. 

Lacroix has described a series of plutonic rocks consisting 
of nepheline-syenite, alkali-syenites, quartz-syenite, granite, 
and eucrite, which have been obtained from glacial blocks in 
Kerguelen {Comptes Rendus, Paris, tom. 179, 1924, pp. 1 13-19). 
The mode of geological occurrence of these is \in]snovm. T^e 
presence of spilites, however, amongst specimens obtained from 
the island, leads Lacroix to speculate on the probable occurrence 
of a volcanic series, much older than that of the main basaltic 
plateau, ^alyses of the plutonic types are given, as well as 
of phonolitic and trachytic types associated with the basalts. 

Two very large and detailed petrographic memoirs, one on 
the igneous rocks of the Nyassaland part of the East African 
rift valley region (E. Lehmann, “ Das Vulkangebiet am Nor- 
dende des Nyassa als Magmatische Provinz,” Zeitsekr. /. 
Vulkan, Erg.-Bd. IV, 1924, pp. 209), the other on the igneous 
rocks of the A^entinian Andes (H. G. Backlund, “ Der m^- 
matische Anteil der Cordillera von Stid-Mendoza," Medd. Aho 
Akad. Ceol.-Min. Inst., no. 3 1923, pp. 298), have come to l^n^. 
They cannot be satisfactorily summarised within the limits of 
short paragraphs. 

VXiAVT wmOUKIT. By Prof. Waltbr Snu», Sc.D., Univmity 

College, Reading (Plant Physiology Conunittee). 

Carbon Assimilation.-— When this subject was last review^ 
in these pages (Science Progress, 18 , 27-34, 19 * 3 ) reference 
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was tmde to the work of Lundegirdh, who found a different 
Klation between the rate of photos3mthesis and light intensity 
in sun leaves and in shade leaves, in air of normal carbon 
dioxide concentration. Some further information on this 

Q uestion is now forthcoming from observations made by N. 

ohansson on ferns (“ Zur Kenntnis der KohlensSureassimila- 
tion einige Fame,” Svensk Bot. Tidsk., 17 , 215-23, 1923). 
It was found that in the case of Polypodium vulgare the relation 
between photosynthetic velocity and light intensity is that 
typical of a shade leaf, whereas Pteris aquilina behaves like a 
typical sun plant. Unusual relations were observed in the 
case of Dryopteris austriaca. In this plant the relation between 
rate of photosynthesis and light intensity is that typical of a 
shade leaf for low and moderate intensities of illumination, but 
a maximum rate of assimilation occurs in a light intensity 
of 30 per cent, of full sunlight, the photosynthetic velocity 
declining with further increase of light intensity. Dryopteris 
spinulosa was found to behave similarly, the highest rate of 
photosynthesis occurring in this fern in 60 per cent, of full 
sunlight. 

Observations on the effect of high temperatures on the 
rate of photosynthesis of a number of marine algae have been 
made by R. Wurmser and R. Jacquot (” Sur la relation entre 
r^tat physique du protoplasma et son fonctionnement,” 
Bull. Soc. Chim. Biol. 6 , 305-15, 1923). The species used were 
C/lva lactuca, Codium tomentosum, Rkodymenia pcdmata, 
laminaria saccharina, L. digitata and Iredea edulis. After sub- 
jection to temperatures between 36" C. and 45" C. for periods 
varying from i to 1 5 minutes, the algae were returned to sea- 
water at normal temperature, 16“ C., and the rate of photo- 
ssmthesis determined by measuring the evolution of oxygen 
by Winkler’s method, or by determining the change in carbon 
dioxide concentration of the sea-water. It was found that 
the rate of photosynthesis was alwajrs depressed as a result of 
thik treatment, the depression being greater the higher the 
temperature and the longer the time of exposure to the high 
temperature. The suggestion was made by Wurmser and 
Jacquot that the effect of the high temperature is to modify 
the condition of the cell colloids in such a way that the 
amhanism in the cell bringing about the reduction of carbon 
dioxide is thrown out of action. It is a point worth noting 
that the temperature sufficient to bring about complete sup- 
pOBMion of photos}mthesis is lower than that required to kill 
the plant. That assimilation is more adversely affected than 
otiuKr plant processes by harmful agents appears to be a general 
l^nomenon ; at least O. Warburg (” tJber die Geschwindigkeit 
idiDtochemischen Kohlensfturezersetzung in lebenden 
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Zelien," Biochem. Zeitsckr., UO, 230-70, 1919 ; Id, 1&8-217, 
1920) found that in strong light photosynthetic velocity is 
reduced by hydrocyanic acid when present in as low a concen- 
tration as N/io,ooo, whereas respiration was similarly adversely 
affected only when the concentration of hydrocyanic acid was 
as high as N/ 1 00. A similar difference between the influence 
of glycerol in retarding photos3aithesis and respiration has been 
observed by C. Fromageot (“ L’assimilation chez les cellules 
vertes et la structure du protoplasma, '* Comp. rend. acad. sd., 
177 , 892-4, 1923 ; “ Sur les relations entre I’dtat physico- 
chimique et le fonctionnement du protoplasma : photosynthtee 
et respiration,” Bull. Soc. Chim. Biol., 6 , 169-80, 1924). 

An attempt has been made by S. Kosty^chew (” Studien 
liber Photosynthese. 11 . Wirkt Wundreis stimulierend auf die 
Kohlens&ureassimilation am Lichte ? ” Ber. deni, hot, Ges., 88, 
328-33, 1921) to determine whether wounding has a stimulating 
effect on assimilation. To this end leaves of Betula puhescens 
and Lamium album were wounded by a series of strokes made 
with a fine-pointed glass needle, and the rate of photosynthesis 
of the injured leaves compared with that of uninjured controls. 
No evidence was obtained of any stimulating effect resulting 
from the wounding. No account, however, appears to have 
been taken of respiration and the effect of wounding on this 
process, and it would appear that the question remains in 
doubt. 


In another contribution the same writer discusses photo- 
synthesis in the Leguminosae (” Studien liber Photosynthese. 
IV. Die COj-Assimilation der Leguminosen,” Ber. deui.bot. Ges., 
40 , 112-20, 1922), and comes to the conclusion that plants of 
this order are capable of very considerable rates of pnoto- 
synthesis. Thus, in an atmosphere containing at the com- 
mencement of the experiment 8*86 per cent, of carbon dioxide 
exposed apparently to sunlight in July and at a temperature 
of 19*3“ C., Trifolium repens assimilated at the rate of about 


63 milligrana per square decimetre per hour, whereas under 
similar conditions Veronica chamaedtys and Leucanthemum ino- 
dorum only assimilated at the rate of about 34 milligrams per 
square decimetre per hour. But this high rate of assimilation 
observed in the Leguminosae appears to have no relation to 
the presence of root tubercles, for Alnus glutinosa, which also 
possesses root nodules, assimilates at the lower rate. Moreover, 
rates of assimilation as high as those recorded by Kostytschew 
for Leguminosae had been previously observed by WiUstfttter 
and Stoll for Cucurbita, and an even higher rate had been 
observed by the same investigators in the case of the 
sunflower. 


Kostytschew has also examined the photosynthetic actii^ 
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of plants during the summer night of subarctic regions (“ Stu- 
dien ttber Photosynthese. III. Findet eine Kohlensaureassimila- 
tion wfthrend der Sommem&chte in der subarktischen Region 
statt ? ” Ber. deut. hot. Ges., 90 , 334 “^ 1921), and records that 
photosynthesis can be detected in Pinus Strobus and Abies 
sibirica, but not in the Angios perms examined. It is thought 
possible that in these latter closure of the stomata takes place 
so that absorption of carbon dioxide is prevented, whereas in 
the G)niferse the stomata remain open. 

Yet another question examined by Kostytschew is the 
value of the assimilatory coeflScient (" Studien ttber Photo- 
synthese. I. Das Verhalten CO,/Oj bei den Kohlensttureassimila- 
tion," Ber. deut. bot. Ges., 89 , 319-28, 1921). He makes the 
somewhat startling assertion that over very short periods of 
illumination the quantity of oxygen is very much less than the 
amount of carbon dioxide absorbed, although over longer 
periods the ratio of these two quantities is approximately 
unity. The same result was obtained with both higher plants 
(e.g., leaves of Betula verrucosa and of Potentilla anserina) and 
lower ones (a mixture of green algae). A mixture of Spirogyra 
communis and Zygnema stellatum yielded an apparent assimila- 
tory coefficient as low as o'2i during a period of 5 minutes' 
illumination. The suggested explanation of this finding is 
that the chlorophyll and other constituents of the cells absorb 
carbon dioxide which does not result in an immediate evolution 
of oxygen. 

According to Kostytschew (" Die Photosynthese der Insek- 
tivoren,” Ber. deut. bot. Ges., 41 , 275-80, 1923) the insectivorous 
plants Drosera rotundifolia and Pinguicula vulgaris are quite 
normal in their photosynthetic relations, and the same has 
been found to be the case with the semi-parasites of the Rhinan- 
thaoese (S. Kost3rtschew, E. Tswetkowa, and M. Tillmann, 
“ Untersuchungen ttber die Erntthrung der grttnen Halbsch- 
marotzen." Beih. z. bot. Centralbl., Abt. i, 40 , 351-73, 1924), 
thus confirming the earlier results of Ewart and Heinricher. 

Not many contributions have been made recently to our 
knowledge of the products of photosynthesis, but two papers 
deserve notice. In one of these H. Melchior (" t)ber das 
Vwkommen von Inulin in den Blttttern der Marcgraviaceen," 
Bear, dmt. bot. Ges., 48 , 198-204, 1924) records the presence of 
innlin in the leaves of two species of Marcgravia, and he regards 
this substance as a product of assimilation in these plants and 
also in chicory, in the leaves of which inulin was observed 
diven or twelve years ago by Grafe and Voux. 

The other contribution deals with the much-debated ques* 
of the first sugar to be induced in photosynthesis and has 
tMien made by T. Wee vers (" The First Carbohydrates that Origi- 
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nate during the Assimilatory Process. A Physiological Study 
with Variegated Leaves,” Kon. Akad. Wetensch. Amsteritkm, Pro- 
ceedings (English Version), S 7 , i-u, 1924). Determimtions of 
the quantities of hexose and sucrose in the green and yeUow parts 
of variegated leaves of a number of species were made, and in 
most cases hexose and sucrose were found to be piresent in 
the green parts, whereas sucrose was the only sugar detected 
in the yellow parts. In the only two cases m which hexose 
was found to be present in the yellow parts of the leaves the 
quantity of this class of sugar was much less than in the green 
parts of the same leaves. The restriction of hexoses to the 
actual assimilating regions of variegated leaves strongly sug- 
gests that hexoses precede sucrose in the building up of carbo- 
hydrates in the leaf. Weevers obtained supporting evidence 
for this view from experiments with leaves of Pelargonium 
zonale, which, when exposed to light after a period in darkness, 
were found by chemical analysis to form first hexose, then 
sucrose, and finally starch. 

Two interesting investigations on the efficiency of the 
photosynthetic system have been made by O. Warbui^ and 
E. Negelein. As experimental plant they xised the green alga 
CUordla, which, being a unicellular plant, does not introduce 
complications incident to a cellular structure such as a foliage 
leaf. In the first of their researches (” Ober den Energieumsatz 
bei der KohlensSureassimilation,” Zeitsch. /. physik. Chem., 
Itti, 235-66, 1922) they allowed the light from a metal filament 
lamp to pass through screens of ferrous sulphate, copper sul- 
phate, and aniline dye solutions, so that all rays except 
the yellow and yellow-red were removed. The issuing light, 
composed of rays with wave-lengths- between 570 and 645 /4^, 
illuminated a suspension of the Chlorella cells. From 
determinations of the total energy falling on the celts as 
measured by means of a bolometer, and from calculations of the 
rate of photosynthesis as given by the rate of gaseous exclumge, 
the proportion of the incident energy actually utilised in photo- 
chemical work in the photosynthetic process was determined. 
Two intensities of incident light were employed, and it was 
found that the proportion of energy utilised is less, the hig^l^ 
the intensity of the incident light. Warburg and Negekdn, 
therefore, in ord^ to obtain a definite value for the ratio bt 
incident to utilised energy, calculated by extrapolation the 
value of the ratio for the limiting case when the intensity of 
the incident light is zero. In this way they obtained a mean 
value of the ratio of 0*71. This is, of course, an exceptionalQly 
high value for the ratio of the energy utilised to the incident 
eneigy. Clearly, however, values found in this way by esdza- 
polation from two values only are not likely to be very eaniofi 
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and, indked, the unsatisfactoriness of treating results in this 
way was later realised by Warburg and Negelein. 

In tha second paper of these authors (" Uber den Einfluss 
der Wellenl&nge auf den Energieumsatz bei der Kohlens&ure- 
assimilation, Zeitschr. f. pkysik. Chem., 106 , 191-218, 1923) an 
attempt was made to determine the influence of the wave- 
length of the light on its utilisation in photosynthesis. The 
method was essentially the same as that used in their earlier 
work, but a number of different screens were used to obtain 
light of definite wave-lengths, while prisms were used as well 
to isolate light of some wave-lengths. It was then found that 
the proportion of the incident energy utilised decreased with 
decreasing wave-length, the values actually found in light of low 
intensity being as follows : red (660/*/*) 0*59 ; yellow (578 /4/t) 
0*535 ; green (546 0*444 ; blue (436ytt/i) 0*338. The values 

are lower than that found previously for yellow light, but the 
divergence is due chiefly no doubt to the method of extrapola- 
tion used previously to which attention has already been called. 

Finally, reference may be made to experiments by R. 
Harder on the assimilation of a blue-green alga Phormidium 
foveolarutn, in light of different colours (“ Ober die Bedeutung 
von Lichtintensit&t und Wellenlhnge fiir die Assimilation 
farbiger Algen,” Zeitschr. f. Bot., 15 , 305-55, 1923). This plant 
is one that exhibits the so-called chromatic adaptation ; in red 
light it develops a green colour and in blue light a purple colour. 
Cultures of the alga were grown in both intense light and weak 
light of each colour and determinations of the rate of photo- 
synth^is of material grown under these different conditions 
made in red and blue light of the same and different intensities. 
It was found that when the rate of photosynthesis was measured 
in red and blue light of the same intensity, material that had 
grown in red light assimilated more rapidly in red light, while 
that grown in blue light assimilated more rapidly in light of 
that colour. But also it was found that material grown in 
strong light, either red or blue, assimilated more rapidly in 
intense light of either colour than in weak light of either colour. 
The conclusion drawn by Harder from Ws experiments is, 
therefore, that material assimilates best in light of the same 
coknir and the same intensity as that in which it had developed ; 
thait is, the plant is adapted not only to light of the colour of 
that in which it has grown, but also to light of the intensity 
of that in which it has been cultivated. His results thus bring 
into harmony the two formerly opposed theories of Engelmann, 
aceqnrdiag to which plants assimikte best in that coloured light 
in which they have grown, and of Richter according to wmch 

K ts are adapted to that intensity of light in which they have 
growing. 
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SOVC&TXOV. By A. £. Heath, M.A.. University, Liverpool. 

The question of academic freedom is of interest to us all, since 
the price of liberty is eternal vigilance ; but to our colleagues on 
the other side of the Atlantic it is more than this — it is a matter 
of immediate practical concern. Principal Ernest Barker’s 
choice of subject for his Presidential Address to Section L 
(Educational Science) of the British Association at Toronto 
was therefore a happy one. In his paper on " The Nature and 
Conditions of Academic Freedom ” Principal Barker points 
out that if the cause of academic freedom was fought m the 
past on the ecclesiastical field, it is likely to be fought in the 
future on the fields of politics and economics. A professor 
of such subjects cannot stop short of running into the actualities 
of the present. " If he were required to do so,” Dr. Barker 
continues, " he would be stopped from reaching what we may 
almost call the point of fertilisation, where his knowledge 
touches actual life.” It is clear, however, that “ the freedom 
of the teacher, like all freedom that is other than mere licence 
and anarchy, must exist within a framework of law, because it 
exists within the framework of an institution, and because, 
again, any institution involves some system of law.” In the 
TCnetrating and dispassionate analysis which follows, Dr. 
Barker has many wise things to say about the character and 
conditions of freedom of the institutions within which the 
tocher works ; and about the dangers to which, in our own 
time, such freedom is exposed. But it is to his treatment of 
the freedom of the teacher that I wish, now, to direct attention. 
In round terms he takes up the view that the institution duinot 
hold itself responsible for what its professors may say, for the 
^tmption of such responsibility is likely to involve the 
institution in more danger than any indiscretion of one of its 
members. What controls are there, then, on the individual’s 
caprice ? In Dr. Barker’s opinion there are two very strong 
ones. In the first place, the freedom of the professor must be 
(jualified by the duties inherent in his membership of the 
institution : if it gives him freedom ” he must not give it 
obloquy in return.” In the second place, the freedom of the 
professor ” is subject to the discipline of the profession.” The 
special obligations which this implies are less definite than those 
of the doctor and lawyer ; but they are there nevertheless, 
“ He has embraced a profession devoted to the dispassionate 
search for pure truth.” He seeks such truth by a rigorous 
method of inquiry. " The temper of his mind must be steeled 
into a resolute disposition to see every side and weigh every 
factor.” And, finally, he is training young minds ; and vrhat 
he is, what he does, affects the growth of those mincb. ** If 
there is a discipline which is a special obligation of the soldieri 
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there is alio a discipline which is a special obligation of the 
professor viho serves under the banner of truth.” 

This trtetment opens up many lines of thought ; but two 
seem to me to be of great importance to all teachers. 

(i) The discipline of the profession, of which Dr. ]^rker 
speaks, is by no means always operative even within the 
class-room itself. Moreover, the most devastating instances 
of its absence arise, not from lack of good-will but from lack of 
understanding. The kind of instance I have in mind is tlut 
of the teacher who is over-anxious to do the best for his pupils. 
His subject is presented with all possible clarity and precision. 
Whatever preliminary polishing can be done has been done ; 
and the whole is passed on to the student in such a manner 
that the barest minimum of effort is called for from him. What 
is lacking is just that ” delicate web of doubt ” without which 
intelligent learning is impossible. It is not enough that we 
should be enlisted under the banner of truth ; we must be able 
to re-create in the minds of our pupils the sense of joyous 
intellectual adventure which fired the discoverers of that 
truth. The issue has been put in another way by the late Dr. 
Rivers. In his essay on ” Education and Mental Hygiene ” 
(Psychology a*id Politics, 1923, 97-105) he distinguishes two 
kinds of teacher. ” There is the teacher who lays down the 
law in an emphatic tone and expects to be believed with such 
assurance that his expectations are largely realised.” This we 
may call the ” impressive ” type, who may succeed in making 
replicas of himself, but who certainly creates a kind of depend- 
ence on the part of his pupils. On the other hand, we have the 
teacho* who gives his pupils a chance of seeing “ how opinions 
are fottned.” This ” catalytic ” type aims rather at stirring 
his pupils to activity than at taking the active part himself 
in the solution of their problems. “ It is far more attractive,” 
wrote Dr. Rivers, ” to be looked up to as a fountain of wisdom 
. . . than to run the danger of having one's views discredited 
by a critical pupil ” ; and it seems, alas, to be true enough 
that the fountains of wisdom outnumber the catalysts. A 
char^ of attitude is clearly needed if the ” discipline of the 
profession ” is to be a living reality. 

(a) The second line of thought opened up by Dr. Barker’s 
pajm is the reflection that our teacher may be all that is 
desired in the class-room, and yet ^outside it) be as credulous 
and irrational as any ordinary man. Dr. Barker fully realises 
that the professor must not be solely of the laboratory : he 
” must be a man, and not an automaton . . . some measure 
of outside interest and outside work is a condition of vitality, 
and even of balance.” If one could only be sure that tne 
” discipline ” of the laboratory or the class-room would be 
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carried into the outside world, all would be well. , But doeo 
this desirable state of affairs exist ? In his admiraljde book on 
Aspects of Science (1923, p. 102), Mr. J. W. N. Sullivan points 
out that " the man who will conduct a laboratory experiment 
with meticulous precision and describe his results in an ugony 
of honesty will be content to be a prejudiced observer and a 
slovenly and inaccurate .thinker in all other matters.” ” This 
is the chief reason,” he continues, “ why men of sdence count 
for so little in public affairs ... all the questions on which 
scientific men now adopt ‘ sides * as uncritically as ,any simple 
dupe of the daily press are amenable to scientific examination.” 
What the world needs, and has the right to exjject, from the 
academic mind is just this deliverance from " the method of 
charms and incantations ” by which all such questions are at 
present treated. The problem of academic freedom will be 
well on its way to solution when professors show some signs of 
applying their professional standard of intellectual integrity to 
the world of affairs outside their institutions. 

The following is a selection of references to recent work ; 

W. Euasbbrg, “ Recent work on the Psychology of Forming Concepts," 
Psychological Bulletin, 1923, 80 , 8, 427-37. An interesting summary 
of recent Cierman work, with special reference to Ach’s Ueber die Be- 
grWsbUdung, 

B. s. Balowik, " The Mental Development of Children," Psy. Bull., 1923, 

80 , 12, 665-83. An account, with full classified references, to recent 
work on the subject. 

E. B, Holt, M. F. Washburn, and E. Hatt, “ The Correlation of a Test 
of Control of Visual Imagery with Estimated Geometrical Ability/' 
American Journal of Psychology, 1923, 84 , 1, X03-5. A pzoviously 
developed test of control of visual imagery {ibid,, 25 , 293-5) was used, 
modih^ for a group-test. There was evidence of good correlation, 

Ha Jacobs, ** The Comparative Individual Psychology of Dr. Alfred Adler," 
Pedagogical Seminary, 1923, 80 , x, 16-23. An interestiM summary 
of Adler's method as developed in his Ueber den Nervosen Ckarakiare 
Ga Stanley Hall, " The Gospel of Magnanimity," Ped. 5 am., 1923, | 0 « 3# 
252-63. One of the last essays of this wise and gifted writer. 

G. C. Myers, " Some Whys of WMms: A Genetic Study," Ped, Sem,, 1924, 

81 , X, 78-83. Notes on some whims of a child, and an interes^g 
analy^ of them. 

O. Lxbmann, Cyril Burt, and L. L. Thurstons, " The Principles of Voca* 

tional Guidance," British Journal of Psychology, 1924, 14 , 4, 32X«^X. 
These papers were read at ^ 7th International Congress of Psi^dlogy, 
Oxford, X923. 

Shbphbrd Dawson, " Variations in the Mental Efficiency of Children ditring 
School Hours," Brit. Joum. of Psy., 1924, 14 , 4. 362-9. UMM 
efficiency was measured at different times of day under actual scttool 
conditions by the rate at which the children pmonxied simide artth* 
metical operations. 

P. M. Ritcxib. " Some Effects of Prolonged Unvaried Mental Work," Tke 

Ponm of Education, * 9 * 4 . 8. *. 48-di ; end a. 83-98. 

B. J. G. BKAnFOXD, "Selection by Examination," Forum, 1925, 1 , $, 
*«y-94« 
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VWNON ** The Suggestive Force of Different Question Forms in 

Sdbool WflWc/^ Forum, 192:3, 1 , 3, 203-13. In connection with the 
above pap^s on examinations see al^ the editorial discussion on Some 
Principleslof Examination,'* School Science Review, 1923, 5 , X7» 

V. T. SauMDBUe, " A Plea for the Reconsideration of ' Definitions.* ** School 
Sci. Rev,, 1923, 6, 18, 63-70. An article of the greatest practical interest 
to the teacher. 1 agree whole-heartedly with the author's defence for 
including mt> many references to writers on the philosophy of science: "The 
best, the ^ery best, in education is only just good enough. It behoves 
the teacher, then, to examine his subject to its deepest foundaUons." 
Only thus can we judge (i) what definitions will leave the pupil with the 
least to unlearn later ; and (2) at what stage it is desirable to introduce 
analytical definitions at all. 

E. J. Holmyaud, " The Historical Method in the Teaching of Chemistry,** 

School Sci. Rev., 1924, 6. 20, 227-33. A provocatively written essay 
with a lesson for all teachers of science ; but certain arguments, based on 
the supposed " training value *' of subjects, are used. These are criti- 
cised in the following paper. 

Dorothy Turner, " Mental Training,** School Sci. Rev., 1924, 6, 21, 37-43* 
A critical analysis of recent work on Formal Training was given by the 
writer these notes in Science Progress, 1924, 18, 71, 401-6. 

M. C. McGrath, " A Study of the Moral Development of Children," Psy, 
Monographs, 1923, 8S, 2, 1-190. A compendious account of moral 
" tests ** designed to help the examiner to find out whether particular 
delinquency is inherent or whether it is due to lack of moral training 
or background. If such tests, comparable to tests of intelligence, be 
possible, then moral education might become formative rather than 
merely corrective. The author believes that the child has inalienable 
right to be trained to social conduct before he has a chance to err." 
Whatever we may think of the positive results described so far, it is 
clear that the problems raised are of the greatest interest. A full biblio- 
graphy is appended. The complexities of the problem are well brought 
out in the short article mentioned below. 

F. B. Knight, " A Note on Moral Education,** Ped. Sem., 1923, 80, i, 3i-4* 

Alexander Paterson, " The Bad Lad," Forum, 1924, 2 , i, 13-21, It is 

something of a relief to turn from these elaborate treatments of de- 
linquency to this simply written article on the " Bad Lad." Mr. 
Paterson, who is one of His Majesty's Commissioners of Prisons, makes 
no pretensions to psychological treatment, but deals in a plain and 
pramcal way with the problems raised, and invites the earnest co- 
operation of teasers in helping to prevent the troublesome lad who has 
into conflict with the law rrom being converted into a criminal. 

X. K. Frank, " Suggestions for a Theory of Learning," Psy, Rev., 1923, 80, 
a, 145-Sv The author suggests that, since learning is a process of 
habit-formation, it may be studied and accounted for in terms of con- 
ditioaal reflex Recesses, This is criticised in a later volume of Psy. 

1923, 80, 5, 402-6, by J. Peterson, who says it shows " The 
usual neglect of the really essential aspects of the problem." It is 
true that Dr. Franks avoids the assumption of arbitrary faculties ; but 
he does not touch the real problem — namely, of how ineffective initial 
acts are eliminated in later and more successful attempts. 

P. O. Efprxoht and M. F. Meyer, " The Equation of the Learning Func- 
tkm,*' Amer. Joum. of Psy., 1923, 84 , 2, 203-22. 

H. L, XocH^ ** The Influence of Mechanical Guidance upon Maze Learning,** 
Mon,, X923, 88, 5. x-113. 

Ih T« SmCER, The Effects of Practice without Knowledge of Results," 
Ammfk Joum, of Psy,, 1923, 84 , a, 107-xi. Judd had found {Psy, 
Sop* Monographs Supplement, 1903, 7, 183) that practice brings litUe 
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if any change when the habit formation ii built up without ^e guiding 
datum of evidence of success or failure. Re-examinatiOn of his work 
and a repetition of the exj^riment show a certain slight improvement. 

W, R. Wilson, *' Principles of Selection in Trial and Error L^parning/' Psy. 
Eev,, 1924, 81 , a, 150-60. 

H. Cason, ** Purposive Psychology and the Conditional Reflex," Psy. 
Rev., 1924, 81 . 3. 253-5. The above two papers attempt to answer 
McDougall's challenge to the comparative psychologist expleun the 
shortening of the trial and error series in terms of mechanical bodily 
movement. 

W. H. Winch, " Should Poems be learnt by School-children as ' Wholes * 
or in ' Parts* ? ** Brit. Joum. of Psy., 1924, 15 . i, 64-79. It has been 
shown that where the subject-matter is difficult, or the mental ability 
of the child low, the generally more effective '* whole ** melhod is inferior 
to learning in ** parts.** Dr. Winch experimented with children under 
the usual conditions of school life. He concludes that there is cumula- 
tive evidence that the span of apprehension and immedifite memory, 
which is known to vary with mental development, is an important 
operative factor ; and that, for school-children of the grades experi* 
mented on (Standards V, to VII.) a *' part** method of ^memorizing 
poetry of the usual form is decidedly superior to a ** whole *’ method. 

L. M.Terman, " Mental Test as a Psychological Method,’* Psy. Rev., 1924, 81 , 
2 i 93-1 1 7« The growth of tests marks also the development of experi- 
mental methods, and throws light upon problems of general psychology. 

E. L. Thorndike, " The Measurement of Intelligence : the Present Status," 
Psy. Rev., 1924, 81 , 3. 219-52. 

J. H. Wilson, " Comparison of Certain Intelligence Scales,** Brii, Joum. 
of Psy., 1924, 16 , X, 44-63. An interesting comparison between the 
Terman Group Test ; the Otis Group Intelligence Scale, Adv. Exam. 
A ; the National Intelligence Tests, Scale A2 ; the Northiunberland 
Mental Testa, i ; and the Simplex Intelligence Scale. 

R. R. Dobson, " An Investigation of Group Intelligence Tests,** BrU. Joum, 
of Psy., 1924. 15 , 2, 162-8. The main conclusions are that the tests 
do seem to select the brightest pupils ; that there is an increane in age 
performance in all tests up to the age of seventeen years, further advance 
only occurring in persons of very high ability ; and that the possibility 
of comparing the intelligence of young lyith old by total scores is ques- 
tionable. 

David W, Oates, " The Nature and Validity of Subjective Tests of Intelli- 
gence,'* Forum, 1924, 2 , 2, 103-21. The criterion most frequently 
used in estimating the value of a test is the personal estimate of intelli- 
gence by the teacher. But the experts differ widely in their judgment 
of the value of this criterion. This able and interesting investi|^on 
into the validity of teachers* estimates of children*8 intelligenoe throws 
light on some of the difficulties encountered, and points the way to 
further advance. A careful analysis of this kind has long been needed. 
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THEORIES OF MAGNETISM 

By J. H. smith, M.Sc. 

University College, London 

Helmholtz has been credited with the remark, “ Our ignorance 
concerning magnetism is the disgrace of the nineteenth century.” 
It is interesting to survey the work to which he referred and 
also the later practical and theoretical investigations, in order 
to see whether the advances in this field have kept abreast 
of the great advances in related branches of physical science. 

It was only with the isolation of the electron that progress 
was made in the theory of electric conductivity. The same 
light would be shed on magnetic phenomena by the isolation 
of the ultimate magnetic particle, if it exists. The existence 
of such a unit is a direct consequence of the Quantum Theory, 
and a smaller unit has long been suspected from empirical cal* 
culations. In order to follow these calculations it is advisable 
to begin with the earlier theories, which have been developed 
into modern forms to fit in better with the newer ideas of 
atomic structure. 

Pr«~Electronic Theories . — satisfactory theory of magnetic 
induction was begun by Poisson, and developed further by 
Green and Kelvin. This theopr, which deals with a continuous 
magnetic substance, is ^sentially a statistical theory, so that 
from its very nature it cannot lead us to ultimate causes. 

Following on (Ersted’s discovery of the magnetic field due 
to an electric current, Ampfere formulated a brilliant theory of 
the ultimate magnetic particle. He supposed that the mole* 
cules of a magnetic substance consist of closed resistanceless 
circuits round which minute currents are flowing. From the 
nature of the circuits the currents will remain constant. The 
action of a magnetic field on a large number of such currents 
would be to rotate the molecules, so that their axes coincide 
with the direction of the external field. 

The next great advance was due to Faraday's discoveries 
of electrom^netic induction, and of the behaviour of glass 
in almagnetic field, which led him to the study of diamagnetism. 
From Faraday’s results Weber developed magnetic theory 
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into a fonn which can be regarded as the true starting-point 
of all modem theories. According to Weber’s theory the 
molecules of a magnetic substance are permanent magnets, 
which have their axes at random in the unmagnetised state, 
but can rotate about their centres when an external field is 
applied. There is a molecular magnetic field which is constant 
in magnitude throughout the body, but the direction of the 
field for any molecule is that of the magnetic axis of the mole- 
cule in its equilibrium position. From these assumptions 
Weber showed that the magnetisation would increase uniformly 
with the impressed field until the magnetisation reached a 
value which was two-thirds of its maximum value, when the 
rate would diminish, the maximum value being approached 
asymptotically. The theory does not account for residual 
magnetism. Maxwell modified Weber’s theory by introducing 
a permanent alteration in the equilibrium position of the axis 
of the molecular magnet when the impressed field exceeded 
some fixed value. He recast Weber’s thory of diamagnetism 
and calculated the diamagnetic susceptibility of a substance 
per unit volume in terms of the self-induction and area of the 
elementary magnetic circuit. 

Ewing attacked the problem of permanent magnetisation 
from a different point of view by giving to the molecular 
magnet the bulk properties of the substance, treating each 
element as a minute bar-magnet with an interpolar distance of 
the same order as the distance between the molecules. The 
forces opposing magnetisation were the mutual actions of these 
small magnets. With a model of this type Ewing was able to 
reproduce qualitatively most of the hysteresis phenomena. 
There is no doubt that any explanation of ferromagnetism must 
take into account the mutual actions of the elementary magnetic 
particles ; but the attribution of bulk properties to the ultimate 
unit is unlikely to lead to a quantitative solution of any 
completeness. 

Electronic Theories . — ^The first real proof of Ampisre's theory 
that magnetism was a rotatory and not a linear phenomenon 
was deduced by Koldiek from the Hall Effect. If magnetism 
is supposed to be linear, then an electric current must be 
rotatory. The existence of the Hall Effect is inconsistent with 
the latter supposition, since it would impose a symmetry about 
the direction of the current, even when a transverse magnetic 
field is imposed. 

The electronic theory of magnetism was built up by Lange vin^ 
who was helped a great deal by the researches of Herre Curie 
on paramagnetic and diamagnetic sutetances. For para- 
magnetic substances Curie found that the susceptibilii)^ was 
inmpendent of the field strength, and inversely proportioned 
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to the absolute temperature. He found that the ferromagnetic 
bodies, nickel, soft iron, and magnetite, obeyed the laws of 
paramagnetism when they were heated beyond the critical 
temperatures at which they lost their ferromagnetic pro- 
perties. For diamagnetic substances Curie found that, in 
general, the susceptibility was independent of the temperature 
and state of the body. Bismuth was a notable exception. 
Many exceptions have been found to Curie’s laws, but they were 
the inspiration of Langevin’s theory. In this theory an atom 
is pictured as containing a number of electrons, rotating in 
closed orbits. There may be other electrons which execute 
small oscillations about equilibrium positions. A symmetrical 
distribution of several orbits may be such as to have no resultant 
magnetic moment. The normals may also be grouped round 
a symmetry axis of the atom, and have a resultant magnetic 
moment. In all cases an impressed field will produce changes 
manifested as diamagnetism. In the case of atoms with a 
resultant magnetic moment, further changes will take place 
which will make the body behave paramagnetically. In 
special cases the mutual influence of the paramagnetic atoms 
will cause hysteresis, and the body, as a whole, will be ferro- 
magnetic. 

The diamagnetic effect is similar to that calculated by 
Maxwell from Weber’s theory. If a single orbit be imagined 
with its magnetic axis in the same direction as the external 
field, the growth of the field will retard the motion of the 
electron in the orbit, so that when the field is established the 
moment of the orbit is diminished. The change of moment 
will depend on the angle between the normal to the orbit and the 
impressed field. Lorentz has shown that diamagnetism can 
be accounted for, even if the electrons are at rest when the 
external field is applied. In so far as the constitution of the 
atom is unaffected by temperature changes, the diamagnetic 
susceptibility will probably also be unchanged. In the case of 
bismuth, mentioned above, the big volume change on melting 
is probably accompanied by electronic rearrangement. 

In the case of the non-compensated orbits the diamagnetic 
changes are dwarfed by the tendency of the axes to come into 
alignment with the magnetic field. The heat motions of the 
atoms prevent parallelism, the inverse proportionality of 
susceptibility to absolute temperature being due to the decrease 
of heat motion with temperature. The application of the 
magnetic field will convert the mutual potential energy between 

orbit and the field into kinetic ener^ of the atom or of its 
parts. If we neglect other positional forces in the atom the 
energy can be supposed to change into the heat motion of the 
astum. By the application of the second law of thermodynamics 
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it can be shown that the intensity of magnetisation is^ in this 

tj 

case, a function of the external field divided by the absolute 

temperature. In the case considered the intensity of mag- 
netisation will be proportional to the impressed field, so that 
we have deduced Curie’s empirical law. Lange vin considered 
the case of a paramagnetic gas, and calculated the form of the 
H 

function of ^ which is required from thermodynamics. He 
obtained the equation 

‘^«,“3RT 

<r^ — where N is Avogadro’s number and the moment 
of the magnetic element. <r^ is therefore the maximum 
magnetic moment of a gramme-molecule. 

is the magnetic moment per gramme-molecule calculated 
from the intensity of magnetisation found at a temperature 
T degrees absolute when H is the external field. 

R is the gas constant. 

Thus for Curie’s constant the value (r^*/ 3 R is obtained. 

Confirmation of this theory was sought by applying it to 
oxygen. Keesom found that liquid oxygen does not obey 
Curie's law, but obeys the law 

X (T + A) - constant, 

where x magnetic susceptibility and A is a numerical 

constant, whose value is found to be 71. 

Onnes found that the susceptibility of mixtures of liquid 
oxygen and liquid nitrogen did not obey the additive law. 
The susceptibility of oxygen apparently increases on dilu- 
tion. Thus we cannot apply Langevin’s theory to oxygen in 
the liquid state. This increase of susceptibility with Elution 
has also been noticed for small quantities of iron dissolved 
in diamagnetic metals. From these results Onnes was led to 
search for compounds of small paramagnetic concentration, 
i.e. in which the atoms responsible for the paramagnetism axe 
surrounded by a large number of diamagnetic atoms. With 
his co-workers Jackson and Woltjer, he has found four sub- 
stances which obey Curie’s law down to the lowest tempm- 
tures attainable. They abo faithfully reproduce Langevin’s 
curve. In particular the curve of Gd,(S04)^.8H,0 shows 
that about 84 per cent, saturation has b^n reached, these 
results must be taken as conclusive proof of the validity of 
Langevin’s hypothesb. There are many substances wfaidi 
obey the modimd Curie law x (T + A) - constant, and atteniits 
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have been made to connect A with the magnetic dilution 
by the finding of the susceptibilities in different directions 
in crystals. These attempts have not been very successful. 
Lange vin’s theory does not explain the behaviour of gaseous 
oxygen, but this may be due to the presence of O4 molecules. 
The formation of O* molecules has been suggested by Dolezalek 
from chemical and other evidence, and was recently inde- 
pendently suggested by G. N. Lewis to explain the magnetic 
phenomena. He assumes that the paramagnetic properties 
are due to double bonds which exist in O4 but not in O,. 

Weiss extended Lange vin’s theory to ferromagnetic sub- 
stances by the introduction of a molecular field arising from the 
neighbouring atoms. The H of Lange vin’s theory is then the 
sum of the impressed and molecular fields. Many of the 
ferromagnetic phenomena can be explained by the existence 
of this intrinsic field, but Weiss himself concludes that the 
mutual forces are neither magnetic nor electrostatic. 

The experimental discovery of the Richardson effect — that 
is, the finding of the momentum due to magnetisation— renders 
the theory of rotation of the elementary magnets even more 
probable. The moment of momentum found is only half the 
amount predicted by the theory. Richardson has suggested 
that the true magnetic element consists of two parallel or 
coplanar electron orbits, and that the rotation of the nucleus 
must also be taken into account. 

Ehrenfest proposed a model in which the directions of the 
normals to the orbits were unchanged by an external field, 
the resultant magnetic moment being due to a change of sense 
of rotation of the orbits. This theory will only account for 
50 per cent, of the saturation value of gadolinium sulphate. 

Several other quantum theories have been put forward. 
Typical of these is Reiche’s theory. The initial postulates are 
that each magnetic element shall be capable of free rotation 
about a fixed point, that its rotation al^ut its magnetic axis 
is independent of thermal agitation, and that its moment of 
inertia, J, about any equatorial axis through its centroid, is 
the same for all such axes. The expression obtained for the 
susceptibility is — 


X 


TT'N^* 

A* 


J 


t 1 

+ l;g g-ani 

4 

S ♦ ne~^ 


where «• 


A* 

StiSjRT 


where ft is the moment of the magnetic element, A is Planck's 
constant, and the other symbols have their usual significance. 
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The values calculated from this formula are in good Hi^ment 
with the experimental data for manganese sulphate, and similar 
compounds, but no account is taken in the theoiy of mutual 
actions of the elements, and in J and n it possesses two adjust- 
able constants. At low temperature, when v is large, Reiche’s 
expression becomes 


X—: 


5Nf*! 
4 ^ 


n-'J, 


and at high temperatures X' 


Nm* 

3RT, 


which is Lange vin’s form. 

The 1/3 in Lange vin’s theory is the average value of cos*^. 
From the point of view of the Quantum Theory all values of 
B {i.e. the angle between the normal to the orbit and the 
impressed field) are not possible. Instead we get a series of 
cases depending on the value of the inner quantum number. 
Pauli has thus modified the Langevin_form by introducing the 
factor 


(n+ i)(2n+ 1) 
an* 


in which n is an integer. 


The Quantum Theory leads directly to an ultimate magnet 
unit, usually called the Bohr magneton. The moment of 
momentum of the electron in its orbit must be an integral 
multiple of hj2tr. Thus the magnetic moment of the orbit must 
be an inte^al multiple of ehj^irm. This latter is thus the 
ultimate unit, which must bear the same relation to para- 
magnetic phenomena as the electron itself does to current 
electricity. 

The maximum magnetic moment' of the gramme molecule 
must therefore be an integral multiple of 5593 gauss, cm. 
Magnetic susceptibilities must, therefore, provide a test of the 
validity of spatial quantisation, the value of n in Pauli’s faqkor 
being the number of magnetons per molecule (or atopi). 

Now, although the equipartition theory of Langevin does not 
bind us to the existence of any unit, the study of the variation 
of the magnetic susceptibility of magnetite with temperature 
led Weiss to suppose that a unit existed, and, from measure- 
ments of the saturation values at low temperatures of iron and 
nickel, he found a value 1 123.5 gauss, cm. for the unit value per 
gramme atom. Later he renounced the possibility of measunng 
the unit to one part in ten thousand, and has adopted from 
further data a value 1126 gauss, cm. This is almost exactl|)r 
one-Mth of the value of the Bohr magneton. The Weiss unit u 
purely empirical and a great deal of very sound esqierimentllll 
work has been performed in order to demonstrate its ezistenCKlI. 
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T^e work is mainly the determination of the magnetic suscepti- 
bilities of the salts of metals of the iron group. In many cases 
there is a variation of atomic moment with concentration, in 
which the value of the true atomic moment is obtained as a 
limit. Unfortunately, it is necessary in some cases to assign 
different moments to the same radicle. The values found for 
the metals themselves are much smaller than those found 
for the metals as radicles, both in solution and in the solid 
salts. These results have been tested by several workers in 
order to see how far the Bohr magneton fits the facts. The 
following table from a paper by Epstein shows a comparison. 


Radlolo. 

Weiss 

Magnetons 

m. 

Bohr 

Magnetons 

fi. 


f•^ 


Caloa- 

latad* 

Cr+ + + 

19 

3 


3*04 

5*0 

4*8 

Cr+ 4- 

24 

4 


4-04 

7*7 

7*7 

Sin 4“ 4" 

29 

5 


5*04 

ii»5 and iz*6 

xx-3 


The m' is the value obtained instead of m when Pauli's 
correction is applied by estimating n. These are only a few of 
the numbers so treated, but are sufficient to indicate the kind 
of agreement between arithmetic and observation. 

'Die establishment of a whole number rule is bound to be 
difficult, especially in cases when the accuracy of the experi- 
mental determination is unknown. The smaller unit will l^ve 
the advantage in all such comparisons. There is no doubt 
that all the results could be considered as a justification of a 
unit equal to half a Weiss magneton, and there is no reason 
why an empirical highest common factor should not be so 
divided. The empirical unit has evidently outworn its useful- 
ness, and can lead us no further. 

The only justifiable conclusion from the results is that the 
magnetic moment of the atom is in general independent of 
the rest of the molecule. The method of calculation involves 
several assumptions, so that it is quite possible that better 
agreement between the results and the Quantum Theory may 
be obtained by calculating on a different basis. 

A very direct proof of the validity of spatial quantisation 
is obtained from the classical experiment of Gerlach and Stem. 
A beam of uncharged silver atoms is sent normally across a 
magnetic field, in which the strength of the &ld varies rapidly 
in the direction of the field. If there is a one quantum orbit 
in the silver atom, this will place itself at right angles to the 
magnetic field, with the unit of moment of momentum A/air. 
The electron may be revolving in either sense, so that the 
bram will be split up into two parts. This is tested by setting 

37 
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up a plate normal to the*beam after it has traversed the field, 
and a double trace is found. According to the classical theory, 
in which all orientations are possible, the stream should be 
broadened only. The double trace is thus a direct jnroof of 
the validity of the quantising of direction of the ormts in a 
magnetic field. From the velocity of the particles and the 
field gradient the magnetic moment of the atom is calculated 
to be one Bohr magneton. The experimental error is lo per 
cent., but the verification in the experiment of the theory by 
vrhich the Bohr magneton is calculated justifies this method 
of stating the result. Land^ proposed that, although the 
angular momentum is A/ 2 ir for these silver atoms, the magnetic 
moment is not one but two Bohr magnetons, but that the axes 
are at 6o® to the field, so that the projection of the moments is 
still ± I. The experiment has been repeated with copper, 
gold, and thallium. The beam separation seems to hold in these 
cases, and both copper and gold are estimated to have a moment 
of one Bohr magneton. 

The Position of the Magneton in the Atomic Models . — ^The 
most striking fact about the property of paramagnetism is that, 
although it is a function of the motion of an electron in an orbit, 
it is found only in a very limited number of atoms, nearly all 
of which belong to two definite sets in the table of elements. 
The first set is in the fourth period, in the transition stage 
between symmetrical configurations of 8 and 1 8 electrons 
resi«ctively in Kossel's table, beginning with scandium and 
ending with copper. The second set is the family of rare earths. 
Before considering the theory of the placing of the orbits in 
these cases, it will be advantageous to compare this peculiarity 
of (Mitain electron orbits with that e^ibited by another very 
limited and entirely different set of orbits. 

y^en a superconducting element at low temperatme is 
subjected to a magnetic field the induced currents set up are 
apparently of atomic dimensions, and persist for ver 3 r Icmg 
periods. There appears to be an electron or electrons in the 
atom which respond far more than the rest of the atom to 
the external force and whose orbital motion is subjected to 
no interference from the other electrons. Thus the difference 
between the orbits of a superconducting atom, say gallium, and 
the inactive atom preceding it, zinc, is the addition of a surface 
electron, which is almost entirely screened from nuclear action. 

The characteristic change which leads to paramagnetism is 
the addition of inner orbits after the completion of the external 
shell. According to Bohr’s theory of atomic structure these 
paramagnetic orbits are large circular orbits. 

The scheme is shown in the following table, which shows 
the number of electrons in the various ormts. 



THEORIES OF MAGNETISM 


411 



The calcium-scandium change indicates the incidence of 
paramagnetism, the zinc gallium change the incidence of 
superconductivity. It is true that the 4, orbit is not a large 
orbit, as indicated above. But we shall see that in para- 
magnetism also some change must be made in this scheme, 
although the general trend is certainly correct. 

TheSgOrbits which indicate the presence of paramagnetism are 
large circular orbits, which will probably be affected by external 
forces on account of their nearness to the surface of the atom. 

The gradation of paramagnetism in the series requires 
some further explanation. From the experimental results the 
simple law is obtained that the magnetic moment of an ion 
depends only on the number of electrons in the ion. Thus the 
ferric ion has the same moment as the manganous ion, and the 
manganic ion has the same moment as the chromous ion. 
The maximum moment is that of ferric and manganous ions. 

If there be a whole number law, since the maximum value 
is 5 magnetons, the graph, atomic number against magneton 
number should be two straight lines intersecting at 5, those 
on the lower atomic number side rising, the higher atomic 
number side falling. Epstein has shown that this result can 
Only be obtained if we take as abscissae the number of non- 
nuclear electrons. That is, the apex is a double point 33 
(F« + + + and Mn + +), 5; another double point is 22 (Mn + + + 
and Cr + +) 4. 

Another difficulty is that the values of the magneton 
numbers obtained experimentally give greater moments of 
momentum than the Bohr orbits to which they are assigned, 
and it is difficult geometrically to get only integral values for 
the sums of the component vectors on the resultant axes. 
The ^experimental data for the rare earths are too sparse to 
admit of a real test of the theories. 
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P^iuli has also modified Lange vin’s theory of diamagnetism 
by the introduction of quantum criteria. From his results, 
and from the known values of atomic radii and sizes of orbits, 
he predicted that the value of the magnetic susceptibility of 
helium at o“C. would be - 2 x io““ and that of argon from — 2*7 
to - 8-1 X io““. 

An extension of his methods gives— 3*9 x io"“ for neon. 
Results just obtained by Hector are : 

Helium . . . X ” — '78 X 10-w 

Neon . . . — 277x10-“ 

Argon ... — 7-52 X 10-“ 

which constitute a remarkable agreement between theory and 
experiment. 

Ferromagnetism. — ^The problem of ferromagnetism is to 
discover under what conditions paramagnetic atoms can build 
up into ferromagnetic bodies. In paramagnetism we are 
dealing with a property of a limited number of atoms ; in 
ferromagnetism with a very small number of compounds of 
those atoms ; the problem seems to be one of the molecular 
structure or crystal structure. This was demonstrated by 
Maimain, when he found that thin films of iron and nickel were 
only ferromagnetic after they had attained a certain thickness. 
This lower limit was of the order 10"^ cms. 

The question then arose as to the nature of the unit whjch 
rotated on magnetisation. This question was in great part 
answered by the Comptons and their collaborators. They 
find that there is no change, in either position or intensity, of 
the X-ray diffraction maxima when a strong external field 
is applied to a ferromagnetic crystal. This means that it can- 
not be the atom which rotates, unless it is so nearly isotropic 
that its rotation does not alter the space distribution of its 
electrons, which is highly improbable. The ultimate rotating 
particle is thus probably an electron orbit (or orbits). The size 
and position of such orbit or orbits are a matter of conjecture. 
A great difficulty, yet unexplained, is the change of length on 
magnetisation. To explain this it is probable that the electronic 
orbit alone is insufficient. S. R. Williams has suggested that 
the nucleus may be a partial cause. The nucleus is small, but 
a habit is growing of burying our difficulties therein. 

The elucidation of crystal structure by X-ray methods 
would seem to promise very well towards a solution of the 
problem of ferromagnetism, but so far our hopes have not 
De^n realised. The case of metallic iron illustrates the great 
difficxilties with which we meet. From a study of the variation 
of magnetic paoperties with temperature Weiss had fotmd that 
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iron exists in four different phases when it is in the solid state. 
TTiese he called a, /9, 7, and 8 iron, the a iron being the iron in its 
normal ferromagnetic state, /9 (paramagnetic) being formed from 
a by heating above the magnetic critical point. /8 changes at 
higher temperature to the paramagnetic 7 form with a different 
susceptibility, and the last change before melting is to another 
paramagnetic state, 8. Westgren found that a and iron have 
the same crystalline form, body-centred cubic, the change at 
the magnetic critical temperature having no influence on the 
position of the X-ray diffraction maxima ; 7 iron is face-centred 
cubic, whilst 8 iron is body-centred. 

It is, therefore, impossible to associate ferromagnetism with 
the body-centred cubic lattice. This conclusion is further 
confirmed by the structure of cobalt and nickel. Cobalt may 
exist either in a hexagonal close-packed structure or in a face- 
centred cubic lattice, nickel only in the face-centred cubic 
arrangement. The structure of the Heusler Alloys of man- 
ganese, aluminium, and copper has been investigated by Young. 
Their ferromagnetism is certainly a consequence of the para- 
magnetism of manganese and possibly of copper also. These 
magnetic alloys show both the face-centred and body-centred 
cubic arrangement. Ferromagnetism is certainly strongest 
when the atoms are closest together, generally in the body- 
centred cubic form; but ferromagnetism is associated with 
several forms. The structure of haematite, FcjO*, has been 
investigated. It is isoraorphous with corundum (Al, C^). 
The magnetic properties are peculiar, the crystal being para- 
magnetic along the trigonal axis of the system and ferromagnetic 
in the plane perpendicular to this. The iron atoms are arranged 
in doublets, the axes of the doublets being in the trigonal axis 
of the crystal, the “ centres ” of the atoms in a pair being about 
2*65 angstroms qpart, and the closest distance between atoms 
of different pairs, along the trigonal axis, is 4' 68 angstroms. 

Each iron atom is surrounded trigonally by three atoms 
from neighbouring doublets, the interatomic distance being 
2*85 angstroms. These three are not in the same " hori- 
zontal ” plane as the atom they surround, but in a plane 
•37 angstroms above or below it. The absence of ferromagnetic 
properties along the trigonal axis may be due to the fact that 
the distance between the pairs is beyond the range of ferro- 
magnetic bonding influence ; or the axis of the magnetic 
element may be constrained into a nearly “ horizontal ” plane 
by the influence of the three atoms which surround it at the 
shorter distance. In thb case the ferromagnetism would 
appear only in a " horizontal ” plane since each doublet has 
six hearttt single atom neighbours, 3 in a " horizontal ” plane 
with centres *93 angstroms above the waist of the doublet, and 
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3 in a “ horizontal " plane *93 below the waist, and therefore the 
resultant moment, due to bondii^ with these closest neighbours, 
would for the whole crystal be in a " horizontal ” plane. The 
question will not be solved until we have further raowledge of 
tne nature of the forces which bind together the atoms of 
crystals. In this connection some interesting calculations have 
been made by Ashworth, from experiments on the variation 
of susceptibility with temperature of iron and nickel, under 
hysteresis free conditions. Under these conditions Curie's 
law still holds below the critical pioint, although the Curie 
constant changes at this point. The ratio of the two values 
obtained is the kinetic energy per unit of temperature per 
gramme of two degrees of freedom. Thus the change from 
the ferro- to para-magnetic state is due to the gain of energy 
associated with two degrees of freedom. 

This conclusion can be explained in terms of the crystal 
structure of iron, since it is well known that both bodjr-centred 
and face-centred cubic structures are sometimes “ ionised ” 
forms — that is, that the atoms in them can be treated geometri- 
cally as points or spheres, the crystal binding forces being bulk 
forces, without any directional relation to any axes in the atom, 
and independent of atomic rotation. We could therefore 
look upon a iron as “ unionised ” — ^that is, in a comparatively 
static state in which atomic rotations are small, the bonding 
between atoms being in part due to magnetic attraction of 
outer orbits of the symmetrical system which is responsible for 
diamagnetism ; so that the magnetic fields due to these outer 
orbits determine positions of stability for the inner magneton " 
orbits. The change to the state would then consist of 
“ ionisation ” without change of lattice, owing to the rupture 
of the magnetic bonding by increased temperature motion, 
the “ bulk " forces of cohesion being now responsible for the 
stability of the lattice. The introduction of " bulk " forces 
of unlmown origin is perhaps a doubtful advance, but the 
increase of degrees of freedom is nevertheless partly explained. 

We see that considerable advances have been made since 
Helmholtz made the remark quoted at the beginning of this 
article. A great deal remains, particularly in ferromagnetism, 
for which we have as yet no satisfactory explanation. The 
neatest advance made is more in point of view than in theory. 
We are convinced that there is unlimited scope for human 
endeavour in the tiniest comer of the great field of natural 
phenomena. 

A table of 140 references to recent papers on Magnetism is given by 
L. W. McKeehan (Franklin Institute JoumeU, 19 , 1924. May and June, 
pp. 583-60X and 737-7*6). A splendid summary of work done by the Weiss 
school is given by Cabrera (Journal de Physique, 8, 1922, p. 443 >. 



THE PRESENT POSITION OF THE 
GEBER PROBLEM 
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In the last two or three years a good deal of research has been 
carried out on Geber, both in this country and in Germany, 
and we are now in a position to arrive at some definite con- 
clusions on what is one of the most important problems in the 
early history of chemistry. Briefly, the problem is as follows. 
Ortain Latin works on chemistry, entitled Sutnma Perfectionis, 
De Investigatione Perfectionis, De Inventione Veritatis, Liber 
Fomacum, and Testamentum Geberis, have for several hundred 
years been ascribed to one Geber. They are of the greatest 
interest, since they contain a large amount of chemical informa- 
tion expressed in language which, for its time and its subject, 
is unusually clear and definite. But their origin and their 
author have been shrouded in mystery, and no one has been 
able satisfactorily to answer the questions : 

i. Were these books actually written by “ Geber ” ? 

ii. If so, who was Geber ? If not, who did write them ? 

ii. Are they of European origin ? If so, what is their date ? 

iv. If they are not of European origin are they, as has been 
suggested, derived directly or indirectly from Arabic works 
on chemistry ? • 

Hitherto the available evidence on these points has not 
been considered as a whole, and, while it is impossible to collect 
it all within the limits of this short article, a summary of the 
chief features will be made. In this way it will be possible 
to indicate what measure of reliance is to be placed upon the 
various conclusions which have been reached. 

1. The Identity of Geber. — It will be convenient to consider, 
in the first place, the identity of “ Geber,” before passing on to 
the more important question of the origin of the Summa and 
other works. In several printed editions, but apparently in 
no manuscript, of the Summa,* Geber is described as an Arab. 
Thus in Russell's English translation • he is called ” The Most 

* Dannstaedter, Du Alcfumu des Oebw, Berlin^ 1922, p* 3. 

« London, 1678. 
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Famous Arabian Prince and Philosopher " ; he is an Arab in 
the Nuremberg edition of 1 541 ; in the Danzig edition of 1843 he 
is King of the Arabs.” Other editions also make him an 
Arab, while in a Bodleian MS.,* probably of the fifteenth century, 
entitled, Liber practicus Geberis . . . de investigatione perfecta 
magisterii, he is called *' King of the Persians.” A rare incu- 
nabulum. Liber qui flos naturarum vacatur, 1473, is attributed to 
” Geber, King of India.” From these facts it is clear that 
Geber was considered to be an Oriental of some kind, and that 
the majority believed him to be an Arab. 

In many medieval alchemical works an author named Geber 
is quoted, and very often one finds the name in the extended 
form, Geber ebn Haen ; for “ Geber,” again, one occasionally 
meets with ” Jeber.” • Now ebn Haen is clearly a crude 
transliteration of the Arabic ibn Hayydn, and Geber or Jd>er of 
Jibir. Hence there can be no doubt whatever that the Latin 
name Geber is intended to refer to an Arab chemist of the name 
J&bir ibn IJayySn. The general substitution of g for y is readily 
understood when it is remembered (a) that there is no j sound 
in Latin, and (i) that the Arabic j was and still is sounded as 
hard g in Egypt and many other countries [e.g., in Egypt, 
gabal for jabal (moimtain)]. 

The next step is to ascertain whether there ever was an 
Arab chemist called Jabir ibn Hayyln. Fortunately there is 
no diflSculty here. Abfl MfisI Jabir ibn Hayyan was a cele- 
brated chemist and physician, who lived during the latter half 
of the eighth century and flourished at the Court of the Caliph 
Harfln al-RashId (786-808). Some account of his life has 
already been given in these pages,* and more information is 
to be found in articles by Prof. Rus^ ‘.and the present writer.* 
The Muslim historian Ibn Al-QiftI (thirteenth century) states, 
in his History of the Sages,* that Jabir excelled in the natural 
sciences, esTCcially that of chemistry, and wrote numerous 
well-known Dooks. He was, in addition, skilled in philosophy 
and esoterics, and was a Stlfl. Other writers give further 
details, some of which will be mentioned later. All later 
Muslim chemists mention Jabir with reverence, and many of 
them quote his works freely. His reputation was equalled by 
that of no other chemist of Islam. 

3. The Chigin of the Latin Works ascribed to Geber. — The 
undoubted identity of Geber with Jabir ibn Hayyan is of 

' Western MS., 19039. 

* Dannstaedter, op. cit., p. 134. 

* July 1923. 

* SndhoffsArehiv, Dec. 1923, Ar<d>ische AlckamisUn II (Heidelberg, 1934}. 

* Proe. Roy. Soo. Med-, 1923, xvi. (sect, of Hist, of Med., 46-57). 

* Ed. Lippert, p. 160. 
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little importance if the Latin works are falsely ascribed to 
him. At the same time, the proof of this identity affords 
a clue to the source of the works, and renders it necessary to 
examine them closely for signs of Arabic origin. Moreover, 
it necessitates a study of those Arabic works of Jabir ibn 
Jfayyin which are extant, of the process of transmission of 
Arabic chemistry to Europe, and of various Latin chemical 
treatises which, while not usually included with the Sutnma 
and the other four books mentioned at the beginning of this 
article, nevertheless pass under Geber’s name. A courageous 
attempt at this task was made by Berthelot * in the last decade 
of the nineteenth century, but, while he made available much 
useful material, he was far too hasty in drawing conclusions. 
Some criticisms of his work have been published by various 
writers,* and it is now generally admitted that many of his 
judgments require drastic revision. Some Arabic manuscripts, 
containing works attributed to J 5 bir ibn IfayySn, are preserved 
in the Bibliothique Nationale and at Leyden, and Berthelot 
published the texts of a dozen of these works, with translations 
by Prof. O. Houdas. A single glance at them shows that they 
certainly cannot be regarded as originals of the Latin works, 
and Berthelot therefore concluded that the latter must be of 
European origin ; he regarded their ascription to Geber as false. 
It is, however, perfectly clear that this conclusion is open to 
criticism from two aspects. In the first place, is it certain that 
the Arabic works in question are themselves genuine ? In the 
second, why should not the Latin works be translations from 
other Arabic works of Jabir ? 

On the first of these two points it may be remarked that 
Prof. Ruska has conclusively shown • that two of the Arabic 
treatises published by Berthelot are spurious, and that in a 
third the author twice plainly gives his name as Abfl ‘Abdullah 
Muhammad ibn Yafiya. It would seem, therefore, that we 
are justified in regarding the rest with a little suspicion, and 
that it is necessary to investigate them very carefully before 
using them in evidence. There are, however, many of Jabir’s 
works extant which appear to be quite authentic, and from 
some of these we can glean very valuable information. 

On the second point it is necessary to state that Wiedemann, 
Rtuka, and Steinschneider have all expressed the opinion, on 
philological grounds, that the Latin works, in their preset^ form, 
cannot be regarded as translated directly from Arabic originals. 

‘ Ia Chimie an Moyen Agt, PariB, *893, tomes i and Ui. 

* E. O. voa lippmann, Die Entstekung und Ausbreitttng der Alekemie, 
Berlin, 1919, pp. 647-59; J- Enska, Sudhoff's Archiv, Dec. 1933, passim; 
B. |. Hohi^wd. Ckimistry and Industry Review, Oct. 5 and 12, 1933. 
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With this opinion I am in general agreement, but I would 
modify it by saying that many isolated passages appear to me 
to be almost literal translations from the Arabic, while Arabic 
phrases and grammatical constructions occur frequently. It 
will be apparent that the only method of attack which seems 
likely to lead to a solution of the problem is to examine carefully 
those Arabic works of jSbir which have claims to be regarded 
as authentic, and to try to trace resemblances in the Latin 
works. This process, which is necessarily laborious, has already 
yielded some encouraging results, to which reference will tie 
made later. As a preliminary, however, it will be useful to 
consider shortly some facts relating to the translation of Arabic 
chemical treatises into Latin, a task upon which many scholars 
were engaged in the twelfth and thirteenth centuries of our era. 

3. Early Lalin Translations of Arabic Chemical Books . — 
It was in Moorish Spain that European scholars first came into 
close contact with Muslim scholarship. Young men from all 
over Europe flocked to Spain to sit at the feet of the Muslim 
doctors, and they soon became fired with enthusiasm for the 
new knowledge. Translation of Arabic works into Latin 
rapidly became a serious business, sufficient to keep a large 
band of scholars continuously at work. Some of these men are 
well known — Adelard of Bath, Hermann of Dalmatia, and 
Gerard of Cremona will spring to our minds at once. In view 
of the fact that the natural sciences, including chemistry, were 
very popular among the Muslims of Spain, it is not surprising 
to find that among the translations were several of scientific 
and mathematical works. The Englishman Robert of Chester 
[Robertus Castrensis] in the twelfth century translated the 
Algebra of AI-Khowarizmi ; some account of his work has 
been given by Prof. L. C. Karpinski of the University of 
Michigan.^ Other translations due to Robert of Chester are 
one of the Qur’an and one of a chemical work entitled Do 
cornpositione alchemice, by “ Morienus Romanus.” He says he 
finished the latter translation on February 1 1 in the year 1183 
(of the Spanish Era, i.e. a.d. 1144), and that it was the first 
chemical work in the Latin tongue. Now, although no Arabic 
original exists of this work in its entirety, many passages — 
some long and some short — are to be found in Arabic alchemical 
books, and ther6 is no reason to doubt that the De compositions 
alchemies was certainly based upon, if not in the main litei^y 
translated from, a previously existing Arabic work. Whether 
the translation was really made by Robert of Chester or not 
appears to be uncertain. Prof. Ruska has brought forward* 

' ‘ Robert of Chester’s Latin Translation of the Algebra of AUKhotmHmi, 

New York. 1915. 

* Arabische Alehemisten, I, 34 fi. (Heidelberg, 1924). 
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reasons for doubting it, the main one being that the translator 
describes himself as a young man with but a meagre knowledge 
of Latin, whereas we know for a fact that Robert had in 1 143 
finished his translation of the Qur’Sn into Latin — a translation 
that was printed at Basle in 1550, with a foreword by Melanc- 
thon. Ruska also has a few words to say on the authenticity 
of the “ translation '' itself, and regards it not as a true transla- 
tion, but rather as an original work based upon an Arabic 
foundation. He appears not to know of the Arabic original 
of the passages referred to above. “ Taken as a whole,” he 
concludes, ” the Compositio Alchymice is a falsification, or rather 
the final link of a chain of falsifications which had originated 
even as far back as the Greek writings of the seventh and eighth 
centuries.” ' 

It is in any case a fact that translations of Arabic chemical 
works really were made, for we possess in a few instances both 
the translations and the originals, e.g. the Book of Secrets 
[KtS.b al-Asr 5 r] of Rhazes [Abfl Bakr Muhammad ibn Zaka- 
riy^ al-R&:d, died 923 or 932], and the Risilatu'sh-shams ili 
al-HUil \Epislola solis ad lunam crescenlem]. We can easily 
imagine that, given the vast difference in character between 
Latin and Arabic, accurate translation was much more difficult 
than adaptation, and that the temptation to give ” free render- 
ings ” must often have proved irresistible. In pronouncing 
upon the authenticity of professed translations, therefore, we 
must take this circumstance into account, and not reject as 
necessarily entirely spurious a Latin work which is obviously 
not a literal translation. In other words, it would be a mistake 
to conclude, from the fact that a Latin work is written in a good 
[mediaeval] Latin style, or in a style reminiscent of the school- 
men, that its mailer as well is ipso facto of European origin. 
This consideration has not always been borne in mind, and its 
neglect has led to the dismissal of all sorts of works as falsifica- 
tions. The matter is one in which the exercise of a good deal 
of caution is requisite. A much safer guide than the argument 
from s/y/<is the argument from content ; it is, however, unfortu- 
nately a guide which cannot be fully employed until a far more 
'comprehensive study of Arabic chemical works has been made, 
and It is much to be desired that more scholars should undertake 
work jn this field, where there is an enormous amount of 
material awaiting investigation. 

4. The Real Geber. — ^We have, then, reached the position 
that (i) ” Geber ” must certainly be taken as a transliteration 
of ” Jibir ” ; (ii) there actually existed a famous Muslim 
chemist, whose name was J&bir ibn Qayy&n ; (iii) Arabic 
works on alchemy were translated into Latin in the twelfth 

> Arabia^ Alchemisten, I, p. 47. 
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and thirteenth centuries of our era ; (iv) it must often have 
occurred that, instead of accurate translations, European 
scholars made free adaptations of the Arabic works ; and finally 
(v) as a criterion of Arabic origin it is therefore better to judge 
mainly by content, and only in the second place by style. 

Let us therefore inquire a little more fully into the life and 
works of the real Geber, or JSbir. It is impossible to do so 
exhaustively, for two reasons. In the first place, the space at 
present available is of course entirely inadequate, and, in the 
second, even now only a portion of the Arabic works ascribed 
to Jabir have been read by European scholars, not to say 
studied. Still, even in this limited space, and with our present 
imperfect knowledge, we can arrive at an estimate of his attain- 
ments as a chemist sufficient to enable us to form some conclusion 
on the problem of the origin of the Summa and other Latin 
works ascribed to him. It must be said, at the outset, that 
complications of a very perplexing nature have to be faced, 
inasmuch as the authenticity of some of the Arabic works them- 
selves is, as mentioned above, rather more than dubious. This 
question will be discussed later. 

Of Jabir ’s life we know a good deal — ^far more than we do 
of many much naore famous men of so remote a time. Although 
there is no reliable evidence as to his birthplace, the best 
authorities agree in making him either a native of Tfls in 
Khorassan (N.E. Persia) or of Uarran (Traq). Of the two, 
the former appears more likely, and we shall probably not be 
making a grave mistake if we regard Jabir as a countryman of 
the great poet Firdausi, who also was born at TOs. The 
authorities all agree, again, in saying that he lived for part 
of his life at Al-Ktlfa (where, indeed, his laboratory is said to 
have been found during the demolition of some houses nearly a 
couple of centuries later). He was a friend of HarOn al-RashId’s 
powerful ministers the Barmakides, to whom he dedicated 
several of his books, and he seems to have been established for a 
time at the Court at Baghdad. It is hardly necessary to men- 
tion that the absurd tale (still current in some Histories of 
Chemistry) that he was a native of Seville is due to a confusion 
of Jabir ibn Hayyan with Jabir ibn Adlah al-Ishbili (" of 
Seville ")j the well-known astronomer of the eleventh century. 

Jabir is said to have been a pupil of the Sixth Imam, Ja'far 
al-$adiq_ ( a .0. 700-765), which, as far as time is con- 
cerned, is quite possible, since Jabir probably lived from 730 
or 740 to about 810. But there is grave doubt as to whether 
Ja'far ever engaged himself in the study of chemistry at all. 
On this point Prof. Ruska has recently published a learned 
memoir,* which must receive our attention since it raises a 
* Arabkeke AkhetnisUn, II. (Heidelberg, 1924). 
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question of considerable importance. Muslims are divided into 
two main branches, the Shi'as and the Sunnis. The Shi'as 
were and are largely recruited from the Persians. They hold 
the Prophet’s cousin and son-in-law, ‘All ibn Abi TMib, in an 
exaggerated reverence, and have always been more inclined to 
Sflfi-ism (Islamic mysticism) than the Sunnis. Ja'far al- 
SSdiq, as a direct descendant of ‘Ali,^ was held in high esteem 
by the Shi'as, and Jabir, as a Persian, and possibly a Sflfi, may 
well have been in a close personal relationship with him. But 
there is little- doubt that all extant works on chemistry ascribed 
to Ja'far are entirely spurious, and Ruska concludes that it is 
unlikely that Ja'far could have been an alchemist. His reasons 
are too long and complex to reproduce here, but one of his 
main points is that, while the study of alchemy was practised 
at Damascus, Baghdad and Alexandria, we can scarcely 
imagine it to have been countenanced in the very city of the 
Prophet, Medina, where Ja'far lived. It is, he says, absurd to 
imagine Ja'far — pillar of the Shi'a community — busying 
himself with cucurbite, alembic and aludel, and with mercury 
and sulphur, or teaching the art of the transmutation of the 
metals to a pupil.like Jabir. He would, therefore, deny Ja'far’s 
connection with alchemy altogether, and is not content to 
stop there, but goes on to say that we must " therefore regard 
all books ascribed to Jabir, in which Ja'far al-$adiq is named as 
his master and teacher, as falsifications of a later period." 

It seems to me that this is going much too far, for the 
following reasons : (i) There is, to the best of my knowledge, 
no evidence that Ja'far spent the whole of his life at Medina. 
While I agree with Prof. Ruska that the open practice of 
alchemy at Medina in those days is scarcely conceivable, 
there is nothing absurd in supposing that Ja'far may have 
engaged in alchemy elsewhere. (2) As no one knows better 
than Prof. Ruska himself, the Persians were then, and always 
have been since, enthusiasts for alchemy. In the popular 
literature the alchemist is always a Persian, while the SQfb, 
in their mystical poems, very often employ the terms of alcbenny. 
In short, considering that Ja'far was closely associated with 
the Persian Shi'as, I see no inherent improbability in assuming 
that he had some acquaintance with alchemy, theoretical at 
least, if not pactical. (3) The connection between Jabir and 
Ja'far is, as stated above, probable enough, and Prof. Ruska ’s 
only reason for doubting it is his conclusion that Ja'far could 
not have been an alchemist. But (a) I regard this as unproven, 
and (i) Jabir was — ^the authorities tell us — a SQfl, and it is the 
usual custom in that fraternity for a " pupil " to attach himself 

' Jafar vras the son of Muhammad al-BBqir. the son of AU Zain al« 
'Abidin, the sou of Al-Busain, the son of ‘All ibn Abl TAlib. 
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to a “ masta:." I suggest therefore, as a possibility, that 
Jabir was a disciple of Ja'far in the practice of $QfI-ism. If 
so, he may have learned something of alchemy from him as 
well. What I am anxious to make clrar is that, even if Ja'far 
was not a practising alchemist, there is no valid reason for 
denying the connection between him and Jabir, or for assuming 
that Ja'far was unacquainted with the terms and aims of the 
alchemists. 

It has been necessary to explain this point at some length 
since the adoption of Prof. Ruska’s criterion (vie. that all 
Jabir-books mentioning Ja'far as his teacher are spurious) 
would mean the rejection of a whole host of works which have 
every appearance of authenticity. True, early alchemical 
works always have to be regarded with suspicion, but I would 
enter a plea against a too summary rejection of books en masse. 
Prof. Ruska’s careful and scholarly researches have rendered 
great service to the cause of the History of Islamic Chemistry, 
and with most of his conclusions I am in p>erfect agreement ; 
in the present instance, however, I am unconvinced of the 
validity of his criterion. It is possible that he is correct, and 
in any case his opinion must carry great weight; but the 
evidence is not conclusive, and there is a good deal to be said 
against it. 

The information concerning Jibir's life which is provided 
by the chief Muslim authorities I have described in the Proc. 
Poy. Soc. Med.^ I have since found another account by Al- 
Jildaki (died about 1360), the celebrated encyclo^dist of 
Muslim chemistry, in a manuscript of his Kitab al-BurhSn ft 
Asrir ‘llm al-Miean (Book of ftoof on the Secrets of the 
Science of the Balance).* It runs as. follows : “ The Great 
master Jabir ibn IJayyan ibn ‘Abdullah was bom at Al-KQfa, 
belonged to the tribe of Al-Azd [? Al~Sada gabilatan], was a 
TQsI by extraction [Al-Tusi munsfui’an} and a SQf! by persuasion. 
He was a disciple of [akhara ‘on] Rarb! [or Rirba] al-Ram!rl 
of Al- Yemen, who was one of the Mu^ammarin. Jabir explains 
this word [lit,, those of great life] by saying that Rarm had 
reached the age of 400 years, having bwn bom more than 
200 years before the Hijra [a.d. 622], and living until the days 
of HarOn aURashid, 170 years after the Hijra. May the mercy 
of Allah be upon him 1 When, from Rarbi, Jabir had acquired 
in his youth a good knowledge of the sciences, he departed to 
the Imam Ja'far al- 5 adiq ibn Muhammad al-Baqir ibn ‘All ilm 
al-Rusain (peace 1 ^ upon them I), through whom he became an 
Imam. He then joined himself with the Barmakides, in whose 
company he carried out much experimental work. It was 

‘ XVI, section of Hist, of Medicine, 46, 1923. 

* Bodleian MS.. Hunt. 68. 



PRESENT POSITION OF THE GEBER PROBLEM 4*3 

through him that the Barmakides abtained the benefits of wis- 
and their high station and great power in the kingdom 
and [were enabled also to exercise their] unbounded liberality. 
It is even the case that dinars, on the model of the official ones, 
were struck in Ja'far [the Barmekide's] name, the weight of 
each being loo dirhans. Through the medium of the Vizier 
Ja'far, JSbir was brought into relation with the Caliph AI- 
Rashld, and wrote for him a book on the Noble Art [alchemy] 
entitled The Book of the Blossom} In it he put the shortest 
methods, in what concerns both the manifest and the occult, 
with an elegant procedure and wonderful experiments. It 
was on Jabir’s account that the second importation of Greek 
books from Constantinople was made. He became expert in 
the philosophic sciences, and wrote more than 3,000 books.* 
He died at an age exceeding ninety years. . . . May the mercy 
of Allah be upon him ! " 

Aidamir al-*Jildaki had an unrivalled knowledge of the 
chemists of Islam, and many of his sources of information are 
now lost. The above account of Jabir, apart from its obviously 
legendary matter, is of interest in that it offers an explanation 
of some of the difficulties which surround the life and birth- 
place of the “ Great Master.” If he were born at Al-KQfa 
of afamily from Tas,the designations ” Al-KQfi ” and ” Al-TQsi ” 
would both be correct. That there was an influx of Persians 
from Khorassan to Al-KQfa, Al-Basra, and other towns in the 
newly founded Muslim empire is well known. A further point 
of interest is the statement that it was through J 5 bir that the 
" second ” importation of Greek books from Constantinople was 
made. The fet importation which Al-Jildaki has in mind was 
probably that made by the ‘Umayyad prince Kfealid ibn 
Yazid ( t 704). It was not until the reign of Al-Ma’mOn 
(8 i 3“33!) the .process reached its maximum development ; 

this (^uph sent a deputation to the Roman Emperor (Leo the 
Armenian) with a request for Greek books for translation into 
Arabic, and built the celebrated House of Wisdom {Baitu'l 
fiikma) at Baghdad in which the translators, together with 
astronomers and other scientists, were installed. 

It seems, therefore, that while Jabir’s main interests lay 
in chemistry, he was a widely-read scholar, and probably had 
some knowledge of Greek. His own list of his writings, which 
has come down to us at second-hand in the KiiHb ^-Fihrist, 
shows that, in addition to books on chemistry, he wrote others 
on a variety of subjects — ^a fact which need not surprise us 

* Or the Book of Copper (Venus). This is mentioned by Ibn al-NedIm 
to bis Kan nFihrist, to which he gives a list of Jftbir's books, compiled from 
another list made by JAbir himseU, 

• Itoay of JAbir's books ” occupy no more than one or two pages. 
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when we remember the vast extent of the intellectual treasiues 
now becoming available to the Muslims through their intro- 
duction to Greek learning via Jund!-Sh 9 .pQr, Qarr&n, Alexandria, 
and other centres of Hellenic culture. Another point to be 
noticed is that, as both a 3 Qf! and a chemist, Jsbir would be 
very likely to use chemical terms and imagery in his mystical 
writings ; we must, therefore, be on our guard lest we regard 
as text-books of chemistry what may in reality be manuab of 
mysticism couched in chemical language. Fortunately many 
of Jfibir’s books contain, in quite unequivocal terms, easily 
intelligible accounts of chemical operations, substances and 
apparatus from which we can gather some idea of his technical 
ability and knowledge. This subject can best be treated in 
connection with the Latin works, for in this way it will be easy 
to see whether the latter show any advance over the Arabic 
works. 

5. The Content of the Latin Works compared with that of the 
Arabic ones.' — In this section, Russell’s English translation of 
the Latin works will be quoted (London, 1678). Only a few 
of the most imTOitant points can be considered here. 

(a) Book of the Search of Perfection. — A book of this title 
{Kitab al-Istitmdm) is mentioned in the list of Jfibir’s writings 
in the Fihrist. The Latin work deals with the structure of 
metals, “ and teacheth how to perfect them.” It sajrs ” all 
metallic bodies are compounded of argentvive and sulphur, 
pure, or impure by accident.” Jabir (f^itdb al-ldih, Cairo 
MS.) says : ” The metals are all, in essence, composed of mer- 
cury, combined and coagulated with sulphur . . . they differ 
from one another only l^cause of the difference of their acci- 
dental qualities.” It should be noticed that one of Berthelot'a 
main arguments against the authenticity of the Latin works 
was that they contained the sulphur-mercury theory of metals, 
of which (he claimed) the “ oeuvres arabes de Dj&ber n’offrent 
aucune trace.” 

The Book of the Search of Perfection mentions the following 
substances as useful in the process of “ preparing ” metals : 
salt, alums, atraments, glass, borax, vinegar. All were known 
to Jfibir, as indeed would be expected. But the expression 
Jamenous Alum in the Latin book is noteworthy, Jamenous 
meaning “ from the Yemen.” Moreover, Jabir describes in 
many placw the purification or ” melioration ” of vinegars 
by distillation. The proverb, ” festination is from the Devil’s 
part,” is one of the most popular with Muslims. 

All the processes for the ” preparation ” of the metals may 
be paralleled from the Arabic works, though they are in the 
latter not gathered together in one book. 

(b) The Sum of Perfection. — The {ueface to this book may well 
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be a translation from the Arabic. The statement ' * what in other 
books written by us is diminished, that we have sufficiently 
made up, in the writing of this our Book,” is in agreement with 
Jtbir’s remarks that he has scattered his information through- 
out several books. '' Geber ” says that search must be made 
for ” Artifices which can follow Nature ” ; J5bir remarks that 
chemists desire by artificial means to imitate Nature. The 
artificer, says ” Geber," must be diligent in the work, persisting 
to the final consummation thereof. Jabir says that he who 
studies chemistry must have perseverance, and must not be 
deceived by appearances into bringing his operations to too 
hasty a conclusion. The arguments against those who disbelieve 
in the reality of alchemy (Latin work) remind us, that according 
to the author of the Rutbatu'l-Hafnm (eleventh century), 
Jabir had to contend seriously against this disbelief. This is 
borne out by the Arabic books, which do not, however, adopt 
so rigorous a method of ” qusestio ” and ” respondeo.” 

The instructions which ” Geber ” gives for the construction 
and management of apparatus are similar to those given by 
Jabir in the Kitab al-Khaw&ss and elsewhere. 

The fourteenth chapter of the SMmwa deals with Calcination. 
Jabir devoted a ” book ” to the same subject, part of which 
is fortunately extant. Compare the two passages which 
follow. (Latin) : — ” Calcination is the pulverisation of a thing 
by fire, through privation of the humidity consolidating its 
parts. The cause of the invention of it is that the adustive, 
corrupting, and defiling sulphureity, may be abolished by Fire. 
Yet it is diversified, according to the diversity of things to 
be calcined. For bodies are calcined, and spirits are calcined ; 
yea, other things also extraneous from the nature of these ; 
yet with a diverse intention . ’ ’ (Arabic, Kitdb al- T aklis ) : — ‘ ‘ The 
aim of the calcination of metals is to remove from them im- 
purities, which are burnt up completely.” ” Each metal is 
calcined in a different way from the others. This is because 
some metals are found already pure ; in this case the object 
of calcination is to convert the body into a fine powder.” 

Practically all the operations, such as distillation, sub- 
limation, ceration, etc., which the Latin works describe are 
mentioned more or less fully in the Arabic. The fact that 
” Luna returns, from the combustion of sulphur, into the 
nature of her proper body,” is given by Jabir in the KUdb al- 
i^tawd^^ (Section 3 ): “ If silver is beaten out very thin 
covered with sulphur and then heated to the proper degree 
m the fire, it can be taken out and powdered like gkiss. If it 
M then ratumed to the 'judge of silver/ that is, the fire, and 
fused with borax, it returns to its original state.” 

(e) Th4 Imtntion of Verity . — ^The preparation of nitric acid, 
a 8 
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which is given in chapter xxiii, I have recently come across in 
a Cairo manuscript (Royal Library) of a work ascribed to 
Jabir. 

These few examples may suffice to show us that there are 
marked similarities between the content of the Latin books and 
that of the Arabic ones. The list could even now be largely 
extended, and further research will no doubt add to it con- 
siderably. 

6. Conclusions . — ^The present position of the problem, then, 
is very different from what it was a few years ago, and the 
following conclusions may be taken as definitely established : 

i. " Geber ” is Jabir ibn ^Jayyan. 

ii. The reputation of Jabir as the greatest chemist of Islam 
is confirmed by a study of his works. 

iii. The Latin works ascribed to Geber are probably not 
literal translations from the Arabic, but they are based on 
Arabic knowledge. 

iv. There is a striking similarity between the content of 
the Latin works and that of Arabic works ascribed to Jabir. 
Whether this similarity will, through future research, prove to 
be great enough for us to conclude that the Latin works must, 
from the point of view of content, be regarded as genuine, 
time alone will show. 



A NOTE ON THE NOMENCLATURE 
OF THE PROTEOCLASTIC ENZYMES 


By E. a. fisher. M.A.. B.Sc. 

Dirsclor of Research, Research Association of British Flour-Millers, Sopweli, St, Albans 

The need for a logical system of naming and classifying the 
proteoclastic enzymes that will be acceptable to most workers 
in this field has long been felt, but so far little success in devising 
such a system seems to have been achieved. Different writers 
and different workers still use different names for the same 
enz)rme, and much confusion has resulted from this practice. 
Recently two new systems of classification and nomenclature 
have been put forward that app>ear to be as unsatisfactory as 
anything that has been proposed previously. Dernby • retains 
the term protease as the general name for any enzyme that 
will hydrolyse a protein or an intermediate decomposition 
product of a protein. These proteases he then divides into 
three classes : 


A. Primary ^roteas^s— -corresponding to those frequently 
designated pepsinases — ^will hydrolyse native proteins as far 
as the peptone stage. 

B. Secondary ^ofeoses— -corresponding to those often called 
tryptases — ^will* hydrolyse any protein, native or denatured, 
or any intermediate decomposition product of a protein, with 
the production ultimately of peptides or amino-acids. 

C. T ertiary proteases — formerly called ereptases — ^will hydro- 
lyse peptones or peptides into amino-acids. 


This classification has been criticised by Oppenheimer ' on 
two grounds. First, because the terms primary, secondary, 
and tertiary as used in the above connection are not rational. 


‘ The suffix *' clastic,'' as s substitute for the ambiguous tenniuatioa 
"lytic" ineiuyma terminology, urassunested by H. £. Armstrong {Roy. 
Soc. Proe.. 79 (1904), p. 500 ; /. Ckem. Soc., 57 (1890), p. 538). It has not 
yet received general acceptance, although, from the point of view of coo- 
stetency, accuracy, and precision in the invention and use of scientific terms, 
ns superiority is undoubted. 

J ^ P' ^3*' 

• IWieg 188 (1923), Pe 140. 



438 SCIENCE PROGRESS 

since the so-called secondary proteases as well as the primary 
ones will act upon native proteins, although different products 
are formed in the two cases. And, secondly, on the ground 
that the classification implies that trypsin, lor example, is a 
single enz3rme, whereas Oppenheimer considers that the “ pre- 
paration ” called trypsin is a mixture of protein-splitting and 
peptide-splitting enzymes. 

Oppenheimer himself suggests the following nomenclature, 
which, if found acceptable, he proposes to use in the forthcoming 
edition of his Handbuch der Biochemie, He would divide the 
proteases as follows : 

A. True proteases will hydrolyse proteins as far as the 
peptide stage but will not decompose peptides: 

1. Pepsinases — ^have their optimum activity in acid 
solution. 

2. Tryptases — have their optimum activity between 
Pb 6 and 8. 

B. Peptidases, or Ereptases — ^will not attack proteins nor 
their higher intermediate decomposition products but will split 
peptides or peptones into simple amino-acids. 

He further suggests that the term peptase should be dis- 
carded, as it is misleading. 

Oppenheimer's nomenclature is also open to considerable 
objection. It is not consistent with the general principles 
that have for many years governed the naming of enzyme 
systems in the great majority of cases, and it is not easy to 
see what advantage this system has over any previous one. 
In 1919 the present writer published a paper * from which the 
following citation is taken : 

“ Some confusion exists in the terminology of the proteo- 
clastic enzymes. Euler * calls them carbamases or proteinoses, 
and considere that animal pepsin is a pepsinase and trypsin a 
tryf>tase. Vines • gives the name peptase to those enzymes 
which convert the higher more complex proteins into albumoses 
and peptones, and ereptase to those that split up albumoses 
and peptones into simple amino-acids. 

“ The custom is rapidly becoming general of giving an 
enzyme a name derived from that of the substrate on which it 
acts by changing the final letter or syllable into ase.* Thus, 
lactase is the enzyme which hydrolyses lactose, urease that 
which decomposes urea into CO, and NH,. According to this 

* .Biochem. Jornn., 18 (1919). p. 124. 

* General Chemistry ef the Ensymes, 19x2. 

* Ann. of Bat., 18 (1904), p. 289 ; 18 (1905), p. 17X. 

* This uaefnl euggestkm appeut to l»v« b«cn put formnd Sett Inr 
PoclanT. 
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nomenclature, the names used by Euler and by Vines* are 
obviously incorrect, for a tryptase would mean an enzyme 
that acts upon trypsin, and ereptase one that hydrolyses 
erepsin, and so on. It would be advisable, in order to bring 
the terminology of the proteoclastic enzymes into line with 
that of other enzymes, to apply the term protease to all those 
enzymes, whether animal or vegetable in origin, which will 
attack any of the proteins or their intermediate decomposition 
products. Those which attack the higher proteins only {i,e. 
those similar to pepsin) would be pepiases} 

“ Animal trypsin is anomalous in some respects and has 
both proteinoclastic and peptoclastic properties. It cannot 
be classed either as a proteinase or as a peptase, but only 
generally as a protease. It is not impossible, though, that 
trypsin may ultimately be found to be separable into a pro- 
teinase and a peptase.* Similar considerations apply to the 
vegetable ecto-proteases, e.g. of Nepenthes, which are considered 
to he mixtures of proteinases and peptases. 

" This terminology of course in no way conflicts with, or 
renders unnecessary, the classical individual names pepsin, 
trypsin, and erepsin, for the three particular enzymes so 
designated. Thus pepsin and erepsin are two particular 
enzymes belonging respectively to the classes proteinases and 
peptases.” 

Apart from the objections discussed above, and anticipated 
in the citation, it is difficult on purely terminological grounds 
to justify Oppenheimer’s classification of the true proteases, 
i.e. the writer’s proteinases, into pepsinases and tryptases 
merely on account of the different relationships of their optimum 
activities to the reaction, i.e. the Ph. of the medium in which 
they act. It is confusing two totally different systems of 
classification. All divisions and subdivisions of a group of 
things should be made on the basis of variation in some one 
character (fundamentum divisionis) common to all the members 
of the group, in the present case, for example, the character 
of catalysing the hydrolysis of substances of a protein-like 
nature. Subdivision should then be made, if possible and 
desirable, into smaller groups, each of which should possess 
the common character with a difference {differentia), the sub- 
division being made on the basis of such a difference ; e.g. in 
the present case the obvious difference is the stage to which 

* And also by Demby (Joe. eH.) and by Qppenheimer (loc. cU.). 

* Or peptidases, after Oppenheimer {he. cit.). Peptase, however, seems 
preferable, partly on account of euphony, but mainly on account of its 
wider denotation : a peptase would hydrolyse a peptone as weU as a peptide. 

* '^Qnea, Ann. Bot., 88 (I909)> p. * ; Vernon, J. Physiol., 81 (1904), p. 
346, 88 (1904), p. 33. This is in agreement with Oppenheimer’s views. 
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the hydrolysis is carried. The Pb* of the medium corre- 
sponding to optimum enzymic activity is surely more of the 
nature of a property (in the strictly logical sense of proprium) 
than of a differentia, and as such can hardly be regarded as a 
satisfactory basis of classification. But if such a system is 
employed at all, all the proteases should be classified on this 
basis. It is really an alternative system of classification rather 
than a supplementary one : all the proteases should be classified 
either on the basis of the substrates on which they act and the 
nature of the products formed or on the basis of the Pq values 
at which their activity is at an optimum. To combine both 
systems as Opi^nheimer has done is contrary to the principles 
of logical division.* Such a course is analogous to classifying 
the chemical elements in each group of the Periodic Table 
according to the degree of their economic usefulness to man. 
As indicated, however, the former system certainly appears to 
have a sounder logical basis than the latter, and is the one that 
would be the more acceptable to the majority of workers. 

The nomenclature suggested by the writer in 1919 appears 
adequate and is sufficiently general to accommodate itself to 
increasing knowledge of the properties of enzyme systems, such, 
for example, as the actual nature of the *' preparation ” called 
trypsin. 

* No particular merit attaches to the old 80>called neutral point ; any 
other Pk value could be used with as much (or as little) justification as a 
means of difierentiating between enzyme systems. 

* Cf, J. S. Mill's System of Lo^, Bk. I, chaps, vii and viii ; F. W. Westa* 
way. Scientific Method : Its Philosophy and Practice (London), 1912, chap, 
xviii. 



SEX-LIMITED CHARACTERS IN BIRDS 
AND THEIR BEARING ON LAMARCKIAN 
THEORY, WITH NEW SUGGESTIONS 
CONCERNING THE GENETICS AND 
ORIGIN OF HEN-FEATHERING 

Bv J. T. CUNNINGHAM. M.A. 

East London College 

Somatic differences between male and female in mammals are 
known to be due to the fact that the normal development of 
secondary sexual characters in one sex depends on the presence 
of a hormone derived from the gonad of that sex. It is evident 
that they are inherited potentially by both sexes, that the 
difference is not one of heredity but of development. In con- 
sidering the evolution of these characters the question is, how are 
we to explain the fact that they depend in this way on the 
sexual hormones ? Morphologically the characters have nothing 
in common except that they are generally external. Almost any 
external part of the body may show a special development 
peculiar to one sex or the other, having this peculiar relation to 
the sexual hormone. The only other common characteristic is 
that the somatic sex character plays some part in the behaviour 
of the animals in their sexual or parental relations. In the 
actions of the animab in courtship, %hting, or care of the young 
the organs (excluding colour characters) are regularly subjected 
to some special external stimulation. In the case of the antlers 
of stags the stimulus is the friction and laceration incurred in the 
process of fighting. The destruction of the skin must origin- 
ally have caused the death of the bone which now takes place 
by heredity. 

The Lamarckian theory of evolution is here the only one 
which corresponds to the facts. There are only two other 
possible explanations, namely, the theory of sexual selection 
and the theory of mutation. The mere survival of individual 
peculiarities cannot explain the limitation to one sex, or the 
greater development in that sex, as Darwin himself admitted. 
The sexual restriction or difference is explained by the influence 
of the sexual hormone, and there is nothing in the process of 
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selection to explain why the sexual hormone should influence 
the bones of the head any more than other bones of the body. 

Selection cannot explain the development of the characters 
at puberty, or shortly before the attainment of sexual maturity, 
still less can it explain the annual recrescence of antlers in stags 
in correspondence with the annual season of sexual activity 
of the testes. On the other haiid, no mutations are known 
which are related to the sexual hormones in the same way as 
somatic sexual characters are related to them. Unit characters 
which can be regarded as due to distinct factors in the chro- 
mosomes, and whose heredity follows Mendelian rules, may be 
considered to have probably arisen as mutations. Some of 
these are connected in heredity with sex, and some which are 
so connected have actually been observed to arise in the course 
of breeding experiments, as in the case of the fly Drosophila. 
A large number of such sex-linked characters are now known, 
and their heredity has been thoroughly worked out, but there 
is no resemblance between their relation to sex and that of 
somatic sexual characters. The heredity of sex-linked charac- 
ters, such as colour-blindness, can be explained on the assump- 
tion that the factor, or rather the absence of a factor in this 
case, because the character is recessive, is in the X chromosome. 
The sex-chromosomes in the male mammal are indicated by 
the letters XY, in the female XX ; the Y chromosome is inert, 
and has no effect in heredity. The defect in the male is there- 
fore transmitted to the female. If in the female zygote, the 
defect occurs in both the X chromosomes, it will be operative 
in the individual developed from that zygote ; if- in only one, 
it does not show itself, A female showing the defect, if nxarried 
to a normal male, can only transmit it to the male — that is to 
say, a colour-blind woman can only have colour-blind sons and 
normal daughters. In mammals a male can inherit no sex- 
linked character from his father ; in birds a female can inherit 
no sex-linked character, from her mother. There is no evidence 
that the actual development of a sex-linked character is in any 
way affected by hormones from the gonads. 

A striking illustration of the difference between sex- 
linked and sex-limited or secondary sexual characters is 
afforded by the practical use of the former in poultry, in order 
to distinguish the sex of chickens as soon as tney are hatched, 
whereas the ordinary somatic sexual differences cannot be 
observed until the chickens are about six weeks old. The 
silver or lighter colour of plumage as contrasted with the gold 
or brownish yellow colour is found to be sex-linked when the 
two are crossed. The female in birds, being heterozygous with 
respect to sex, transmits the sex-linked character, which in 
this case is dominant^ only to hejr male offspring. Thus jif A 
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Light Sussex hen is mated with a Brown Leghorn cock, the 
male chicks are all light-coloured, the female brownish, and this 
difference is evident in the down of the newly hatched chicks. 
This result is utilised in order to select the pullets with certainty, 
and get rid of the cocks, when the object in view is only egg- 
production. 

The Lamarckian theory, which I have proposed as the 
explanation of the evolution of somatic sexual characters with 
all their physiological p)eculiarities, is as follows. There is 
evidence that the parts of the body which have been modified 
to form these characters are regularly subjected in the sexual 
behaviour of the animals to special stimulations, either of a 
direct mechanical kind, as in the butting of heads together in 
stags and other Ungulata, or of an indirect functional kind 
as in the erection of the feathers of the pea-cock’s tail, or the 
male plumes of the bird-of-paradise. Secondly, there is evidence 
that stimulation of this kind produces in the individual 
hypertrophy of the living tissues affected. Thirdly, the hyper- 
trophy produced in each generation necessarily causes waste 
substances to be given off from the growing tissues and, circu- 
lating in blood and lymph, to act upon the special parts of the 
chromosomes in the gametes of the same individual which 
correspond to the parts or organs stimulated. Fourthly, that, 
as the effect of this stimulation of the determinants in the 
chromosomes, there is developed after many generations a 
tendency to the hereditary development of hypertrophies, 
similar to those caused by the external stimulation. Fifthly, 
that the chromosomes throughout the evolution have been 
affected at the same time by the substances derived from the 
stiniulated somatic tissues, and by the hormones from the 
testis or ovary, and consequently, when the parts of the body 
develop, they ohly manifest the power of increased growth, 
which has become hereditary, in the presence of the hormone 
of the testis or ovary. There are certain explanations and 
qualifications to be added. The most important is that the 
effect of mechanical irritation on living tissues is not the death 
or destruction of the tissues, though that may occur to some 
extent, but the reaction which shows itself in increased growth, 
as we see in the formation of a com in our own epidermis. 
Another point is that it is not necessary to suppose that the 
hereditary growth reproduces the exact form of the injury 
caused by %hting, for instance, or even of the growth caused 
by the direct reaction j the hereditary effect is probably modi- 
fied by the tendency to sjrmmetry in the development of the 
organism, and is subject to the variations which produce 
species. Thus, the specific characters of antlers in the Cervidae 
do not correspond to different peculiarities of fighting in the 
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ancestors. Lastly, it is not possible at present to explain the 
sexual colour-characters, such as those of the drake, except 
as being in some way due to the increased metabolism of sexual 
excitement. 

The chief objection to my theory is the difficulty of 
believing that each -different part of the same tissue, when 
stimulated to hypertrophy, gives off a mixture of waste 
substances peculiar to itself. It may be argued, as has been 
suggested, that the increase of one muscle would merely 
increase the total amount of excretory substances given off 
by the whole muscular system, and that on the theory the 
hereditary effect would be merely an increase, too slight to be 
significant, in all the muscles of the body. It is impossible 
to meet this objection satisfactorily at present ; all that can 
be said is that the theory, if true, would explain facts that 
are unexplained on any other theory, namely, that somatic 
structures and characters, which are not in themselves sexual, 
but are used in sexual habits, are influenced in development 
by the sexual hormones. 

The progress of knowledge in the case of Birds has shown 
that in this class the effects of castration are different from those 
which occur in mammals. Shattock and Seligmann found in 
the Plymouth Rock breed of fowls that the male plumage was 
not suppressed by castration, the only conspicuous effect being 
the reduction in size of the comb and wattles. In some breeds, 
e.g, Hamburgs and Leghorns, spurs occur rather frequently 
in the female, and in this case castration would not be exj^cted 
to prevent the growth of the spur. This is not the case in the 
Plymouth Rock, and the systematic experiments of Pezeau 
(1918) showed that castration caused no change in the develop- 
ment of the plumage or the spurs. Many experimentalists 
have stated that the special male feathers are rather more 
developed in the capon than in the entire cock, but carried in a 
less erect position. Removal of the ovaries in ducks and hens, 
on the other hand, is followed by the development of the male 
plumage. Castration in the male causes rapid reduction of the 
comb and wattles to a size similar to that characteristic of the 
hen. In the castrated drake (Goodale, 1910) the male plumage 
persisted, but the eclipse, the condition after the breeding 
season in which the drake normally resembles the female, no 
longer occurred. The castrated duck, on the other hand, 
assumed the male plumage, which is so rich in colouring and 
so conspicuously different from that of the female. These 
experimental results closely resemble the cases which have 
been frequently recorded of female birds assuming the male 
plumage, especially in ducks, fowls, and pheasants. In such 
cases the single ovary normally present has been found <m 
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post-mortem examination to be reduced to an extremely small 
nodule, in which development of ova had ceased. 

These facts seem at first to lead to the conclusion that in 
dimorphic birds, such as Anatidae and Gallidae, the male charac- 
ters of the plumage are the original characters, and are sup- 
pressed in the breeding female by the influence of the hormone 
from the ovary, in the absence of which they develop almost 
or quite completely ; also that their development in the male 
is independent of the testicular hormone. Without further 
consideration this might appear enough to disprove the La- 
marckian theory of the origin of the male characters. In 
reply to this, it must be admitted that we cannot suggest any 
external stimulation involved in the actions of the male which 
would cause the special coloration of the male plumage, 
though it is possible that the increased katabolism of the male 
associated with its greater excitement has something to do 
with the matter. But the greater development or hypertrophy 
of special feathers is a condition quite distinct from colour, 
and it is obvious that the sexual display of the male involving 
constantly repeated erection of the feathers constitutes a 
stimulation of the papilla from which the feather is produced. 
The greater size of the comb and wattles in the male Gallus 
l^haves in relation to the testicular hormone much as mamma- 
lian characters do. We may then suppose that the hyper- 
trophy of the special male plumage was originally caused by 
the stimulation of the feathers, but, for some unknown reason, 
is more strongly inherited than the male characters in mammals, 
so that it has become independent of the presence of the testi- 
cular hormone, but is suppressed in the presence of a foreign 
hormone, namely that of the ovary, which was never present 
when the stimulation of the male plumage occurred. 

We have nex’t to consider some still more remarkable facts 
concerning the relation of male plumage characters in birds 
to the hormones of the gonads. In fowls (Gallus) there are 
more breeds than one in which the male characters have dis- 
appeared in the male sex without suppression of fertility, 
^living rise to what is known as hen-feathering. This occurs 
in Sebright Bantams, Campines, and Henny ^me. It also 
occurs as an occasional mutation in other breeds. The male 
plumage characters are, in the less modified breeds, such as 
black-red game, peculiarities of both colour and structure of 
the feathers. The colour of the hen, instead of being black 
on the breast and tail, and red or yellow on the neck and saddle 
Iwckles, is brownish yellow on the breast and a rather uniform 
speckled brown on other parts. The cock has long loose-barbed 
hackle feathers, tapering to a point, on neck and loins, and long 
curved tail-coverts, while in the hen the corresponding feathers 
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dre short, blunt, and straight, with firm webs. In the Sebright 
Bantam the plumage in the cock is similar to that of the 
hen in both colour and form. In the larger size of the comb 
and wattles, and in the possession of spurs, crowing, and beha- 
viour, the hen-feathered cock differs from the hen as much 
as the ordinary cock, and he is sexually potent, though perhaps 
less fertile than the normal male, for it is stated that the eggs 
often fail to hatch. 

The extraordinary discovery was made by Prof. T. H. 
Morgan, of Columbia University, New York, that castra- 
tion in these hen-feathered cocks causes the development of 
cock-feathering, which is the direct opposite of what we are 
accustomed to in mammals. This fact would cease to app^c 
paradoxical if hen-feathering was due to a mutation which 
consisted in the production by the testis of a hormone similar 
to that normally produced by the ovary. The heredity has 
been studied experimentally from the Mendelian point of view, 
and is discussed by Prof. Punnett in his interesting volume. 
Heredity in Poultry. It is found that the hen-feathering in 
the cock is dominant to cock-feathering, so that a hen-feathered 
cock mated to a hen of a normal breed produces normal hens 
and hen-feathered cocks. On the other hand, when a hen of a 
hen-feathered breed (Sebright) was mated to a normal-feathered 
cock, some of the males produced were hen-feathered and some 
cock-feathered. The cock-feathered males bred true, but the 
hen-feathered produced both hen-feathered and cock-feathered 
sons in equal numbers. The Mendelian explanation which 
Punnett suggests is as follows : 

In normal breeds we may assume that there is a factor 
which causes suppression of cock-feathering, and this is trans- 
mitted by the female only to the female. This factor, then, 
is that which causes the ovary to produce the hormone which 
suppresses cock-feathering. The female is heterozygous for sex, 
FM, and the male homozygous, MM. Call the suppressing 
factor H and suppose it linked with F, and we have — 

? FMHh i MMhh 

Gametes : ? FH + Mh, S Mh 
Fi ?FMHh, ^MMhh 

Therefore, in each generation male feathering and female 
feathering as in the ordinary case. Punnett supposes that in 
hen-feathered breeds another factor occurs, which may be 
called H'. This factor must be one which is not sex-linked, 
and at the same time must have the property of causing the 
testis, while continuing to be fertile, to develop the samo 
hormone as the ovary. The results of cross-breeding do not 
agree with any formula which locates this factor in either of 
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the normal sex-chromosomes ; it must segregate independently. 
In Prof. Punnett's case the Sebright hen must have been 
heterozygous for this factor having the constitution — 

PMHhH'h' 

the normal male with which she was crossed being — 

MMhhh'h' 

Gametes: ? FH H' + F H h' + M H' h + M h h' : <jMhh', 

Fi FMHH'hh', FMHhh'h', MMhhH'h', MMhhh'h' 

? Trans- $ Kon- Hen- J Cock- 

mittin^. transmitting. feathered. feathered. 

This would agree with the results as regards the males, for the 
cock-feathered birds did not transmit the hen-feathering, while 
the hen-feathered males were heterozygous, and, when mated 
with hens of a normal breed, produced hen-feathered and cock- 
feathered males in approximately equal numbers. 

It is possible to simplify Punnett’s formulae. If we use 
the letters W, Z to signify the sex-chromosomes in the bird, 
the female is W Z, the male W W, and we can assume that 
the presence of Z causes the development of the ovary which 
constitutes the female sex and with it the hormone which in 
normal cases suppresses cock-feathering in the hen. We must 
also assume that the presence of two W's constitutes a male. 
We thus eliminate the factors H h since H becomes identical 
with Z, which in normal breeds is transmitted only to the 
female. Now suppose that by some process of non-disjunction, 
such as that which has been shown to occur in Drosophila, 
the heterozygous Sebright hen, with which Punnett experi- 
mented, had an additional Z chromosome which segregated 
independently, that in fact his H' factor was this additional 
Z. A normal breed then would have the ordinary sex- 
clmomosomes, Female W Z, male W W. In the Sebright which 
was homozygous for hen-feathering, the sex-chromosomes in 
the hen would be W Z Z Z, in the male W W Z Z. In the 
heterozygous Sebright hen the chromosomes would be W Z Z 
and when a hen of this kind was crossed with a normal cock the 
segregations and combinations would be : 

Gametes: ?WZ + Z-l-W-f-ZZ, «JW. 

FiWWZ WZ WW WZZ. 

H«i- 9 Non- (J Cock- ? Trant- 
fenUiered. tnnnn. leathetod. mitting. 

Goodale has shown experimentally in the Brown Leghorn 
that, althot]^ the removal of the testes does not suppress the 
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male plumage, this latter effect is produced, as might be expected, 
when portions of ovarian tissue are grafted into the castrated 
specimen. 

T. H. Morgan has attempted to prove that the difference 
between the testes of hen-feathered cocks and normal cocks 
is visible under the microscope, the normal testis being destitute 
of the interstitial tissue-cells which are present both in the 
normal ovary and in -the testes of hen-feathered cocks. Mr. 
Pease (1922) was, however, unable to confirm this. 

The question arises whether these remarkable facts are 
enough to disprove the Lamarckian theory of the origin of 
somatic sexual characters. In my opinion they are not. The 
only difference in birds is that the special male characters, 
although not dependent on the presence of the testicular 
hormone, are unable to develop in the presence of the ovarian 
hormone. If the origin of the characters were not connected 
with the sexual organs there is no reason why the development 
of the special plumage should be affected by castration at all 
in either sex. The heredity, once established, is subject to 
mutation, like other hereditary factors, and in this case an 
extraordinary mutation has occurred which consists in the 
testis, while remaining fertile, producing the ovarian hormone. 
As suggested above, this mutation might be the result of a mere 
abnormality in the segregation of the sex-chromosomes. It 
may be suggested that the male plumage might, with equal 
probability, be explained as due to a mutation dependent on 
the absence of the ovarian hormone. But a little thought 
will show that this is a very different thing. Moreover, no 
such mutation has occurred under observation ; we know of no 
case in which a sexual difference has appeared as a mutation, 
and has been found ta depend on the hormones from the gonads. 
In the case of the Pouter pigeon, and the so-called Carrier, the 
inflation of the crop in the one, and the slightly greater size 
of the wattle in the male of the other, are associated with the 
sexual habits of the males, and cannot be regarded as mere 
mutations. 

Another point which makes hen-feathering in cocks still 
more extraordinary is that, if it must be regarded as due to the 
secretion by the testis of a hormone similar to or identical vrith 
that from the ovary, the sexual instincts and the larger size 
of the comb and wattles are not affected, although these charac- 
ters are also connected with the hormones of the gonads. 
This fhct, however, is capable of some explanation. When a 
normal cock is castrated the sexual instincts, the habit of 
crowing, and the peater size of the comb and wattles are all 
suppressed, though the male plumage is not. If we suppose 
that these characters depend on a hormone, which is more 
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directly derived from the spermatic tubules and spermatic 
cells, we can understand why they are suppressed by castration 
and are not absent in hen-feathered cocks in which the sper- 
matic tubules are developed and functional. 

Prof. T. H. Morgan (Carnegie Institution, Publication 
No. 28s, 1919), who first discovered the fact that castration of 
the hen-feathered cock causes normal cock-feathering to develop, 
considers that this fact leads to conclusions which make both 
the theory of sexual selection and the Lamarckian theory un- 
necessary as explanations of somatic sexual characters. " If 
the secretions of ovary and testis are some particular kind of 
substance the conditions that led to their appearance (».«. 
the appearance of such characters) need not have been very 
complex. The hereditary genes generally have more than a 
single effect on the characters of the animal. The secondary 
sexual characters may then be only by-products of genes, 
whose important function lies in some other direction. If, 
for example, the secretion produced by the male cells of the 
male have an important influence on his output of strength 
or energy or activity, their secondary influence on certain 
parts of the body would not call for any further explanation 
on the modern view of natural selection. If the secretions 
of the ovary of the female bird have some direct relation to her 
physiological processes that are important in the development 
of the oviduct, for instance, it would be a matter of no import- 
ance from an evolutionary point of view if that same secretion 
suppresses in her the development of the high colour shown by 
the male.” 

Prof. Morgan’s experimental work has resulted in very 
great advances in our knowledge in certain directions, but the 
above remarks seem to me to show that he has failed to appre- 
ciate the essential points of the question of the evolution of 
secondary sexual characters. If the characters are by-products 
of genes which give rise to gonadial hormones why are the 
characters different in different animals and absent in others ? 
Prof. Morgan apparently supposes that these hormones are 
different in each genus or family, or even in each species, so 
that, for example, the stag has a hormone which produces 
antlers, man one that produces a beard, so that the injection 
into man of extract of stag's testes would cause the development 
of antlers on his forehead. All the evidence tends to show, 
on the contraiy, that the gonadial hormones are not specific, 
but closely similar if not identical in diflferent birds or mammals. 
Pezard,^ in his experiments on castration of cocks, found that 
injection of testicular extract from cryptorchid swine into 

‘ '* Caractiies sexuels aecondaim chec les Oiseaux," Butt. Biologiqut d$ la 
Franct «td$ la Belgiqu$, tome lii, 19x8. 
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castrated individuals caused the comb and wattles to grow to 
their original size, and restored the aggressive male behaviour 
and challenging crow. The suppression of the male plumage 
in birds by the ovarian hormone does not explain why the 

E lumage is so different in the pheasant, the peacock, and the 
ird-of-paradise, and why in so many species there is no male 
plumage to suppress. If the special developments were due 
to special properties of the sexual hormones, peculiar to each 
case, there would be no reason why these special developments 
should show any adaptive relation to the sexual habits of their 
possessors. In the frog, for instance, there would be no reason 
why the by-product of the hormone should be a pad on the 
thumb where it comes into contact with the female in amplexus, 
rather than a pad on the hind-foot, which does not touch the 
female at all. It may be said that the response to hormone 
stimulation would naturally be different)in different animals, but 
that brings us to the crux of the whole question, namely, that 
we must either suppose the genetic constitution with regard to 
these characters the same, for instance in birds, and the gonadial 
hormones different, or the hormones the same and the con- 
stitutions different. All the evidence tends to prove that the 
latter is the truth. It has been shown that the hormone of 
the testis may be similar in its action to that of the ovary, but 
it has not been discovered that hormone of either testis or the 
ovary in one species is different from that of another in such 
a way as to determine the specific somatic sexual characters. 
It has been suggested, in other cases, that variations in internal 
secretions may be the explanation of evolutionary changes, 
but it must hie remembered that in the thyroid, for example, 
the secretion appears to be essentially constant, and that the 
effect on different animals corresponds, not to the source of 
the secretion, but to the characters of the animal to which it is 
applied. The thyroid of a sheep, for instance, is necessary to 
its own development, but, when supplied to a tadpole, its effect 
is to cause the development of the normal legs of a frog, not 
the wool or the legs of a sheep. 

There are cases in birds in which special nuptial plumes are 
equally developed in both sexes. Here there is no sexual 
dimorphism, yet the characters are clearly connected with 
sexual relations, for they are only developed in the breeding 
season. The Grebes (Podicipedidael and the Herons (Ardeidse) 
supply typical examples. The haoits and behaviour of the 
Great G^ted Grebe have been observed and described in 
detail by Mr. Julian Huxley. In courtship the male and female 
face each other, erect the double crest and ruff, and shake their 
heads repeatedly at frequent intervals. In pairing, either 
member of the pair may assume the passive female attitu<k| 
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or the active male attitude, and in the Moor-hen an act of 
pairing in the normal attitude is immediately followed by 
another, in which the position is reversed. Mr. Huxley* 
remarks : "It would appear, in such cases, that the similarity 
of male and female internal secretion is so great that quite 
slight changes in nervous or metabolic activity can cause the 
nervous centres of the opposite sex’s mode of behaviour to 
become activated." We have, then, to consider in the first place 
whether the similarity in nuptial plumage in the two sexes 
is to be explained, like the similarity of plumage in the hen- 
feathered breeds of domestic fowl, by a similarity of internal 
secretions from testis and ovary. We see at once that the 
conditions are not similar, but opposite to each other. In the 
hen-feathered cock the hypertrophied plumage of the male is 
suppressed by a secretion from the testis, similar to that from 
the ovary. In the Grebe hypertrophied plumage is developed 
in the female, as well as in the male, so that we should have to 
suppose that in this case the ovary had ceased to produce a 
hormone like that of the ovary in other birds. But there is 
no evidence of this. We might suppose that the development 
of the characters in the female had become independent of 
hormones from the gonads, which is possibly the explanation 
of the presence of antlers in the female reindeer. But in the 
actions of the birds in courtship we have, on the Lamarckian 
theory, a more probable explanation of such cases as that of the 
Grebe. We have only to assume that the two sexes, which are 
monogamous and take equal shares in the tasks imposed by 
breeding, have always practised similar actions in courtship. 
These actions involve the stimulation of the erected feathers, 
and if this results in hypertrophy which has become hereditary, 
the hypertrophy will have been developed and inherited in the 
presence of either the testicular or ovarian hormone — that is, 
equally in both sexes. But in the absence of either secretion, 
in winter, and in the immature stage of life these plumes are 
not developed. 

With regard to the psychical factor in the sexual behaviour, 
it must be remembered that the sexual instincts, like the 
structural characters, are not genetically the exclusive pos- 
session of one sex or the other. G)ws, for instance, obviously 
exhibit the instincts and reactions of the bull in a rudimentary 
degree. It is not necessary, therefore, to suppose that the 
male and female internal secretions are more similar in the 
G^be and other such cases than in other birds, but merely as 
in the case of the nuptial plumes and behaviour in courtship 
that the instinct of the pairing action in either sex is excited 
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almost equally by the ovarian hormone and by that of the 
testes. 

Similar reciprocity of habits and courtship and similarity 
of nuptial ornaments are mentioned by Mr. Huxley in Egrets 
and Herons in Louisiana. The ornamental plumes, as in the 
Grebes, are present only in the breeding season. 

In insects, in which somatic sexual characters are often so 
conspicuous, removal of the gonads makes no difference to 
their development. Goldschmidt, however, is obliged, in order 
to account for his intersexes, to assume that the sex-chromosomes 
in the somatic cells give off hormones which determine sex 
and somatic sex-characters. The Lamarckian theory of the 
origin of somatic sex-characters is therefore not untenable 
in the case of insects. The so-called parasitic castration in 
Crustacea seems more consistent with the hypothesis that the 
parasitic Cirripede, which is predominantly female, i.e. has 
a large ovary, gives off an ovarian hormone to the host and thus 
causes the suppression of male characters, and the development 
of female. Here also the origin of the characters is more 
satisfactorily explained by the Lamarckian theory than by any 
other. 



GERM-THEORIES OF TRANSFERABLE 
DISEASES FROM THE SEVENTEENTH 
CENTURY TO THE TIME OF PASTEUR 

Bv CRANSTON WALKER. M.D.. B.Sc. 

In the year 1658 a versatile Jesuit described very minute 
bodies which he had observed with lenses, and which he con- 
cluded to be worms, in water, milk, cheese, vinegar, decaying 
vegetation, and in blood and pus from plague patients. He 
considered these worms to be the cause of putrefaction and of 
disease. These observations were published in Rome under 
the title " Scrutinium physicum medicum contagiosa luis, qua 
dicitur pestis, by Athanatius Kircher, S.J." [i] In the following 
year they were also issued in Leipzig. Kircher had held three 
professorships at Wtirzburg, was a prolific writer, and was 
credited with vast learning. His novel view of disease-causa- 
tion therefore received considerable attention ; but, although 
it was supported by several eminent men of science, including 
Borelli, it did not gain wide credence. 

Christian Lange, Professor of Pathology at Leipzig, wrote 
a preface to the 1671 edition of Kircher 's book, and expressed 
his conviction that puerTCral and other fevers were due to 
putrefaction caused by minute worms. On the other hand, 
Nathaniel Hodges, an authority on the Plague of London, 
writing in 1666 of “ the learned Kircher 's late experiments," 
respectfully states : In spite of good opportunities and most 
careful and industrious attempts, it has not been my happiness 
to discover any such minute worms or insects ; and I can only 
karn of very few plague patients who vomited worms or gave 
other indication of harbouring verminous matter." The 
worms imagined by Kircher were much larger than bacteria. 
T^ey had a fairly complex anatomy, and were capable of 
inflicting mechanical damage. His words could be applied 
more closely to A cans scabei or to the Trichina worm than to 
bacteria. 

Athanatius Kircher whs bom in 1601^ near Fulda in Hesse- 
Nassau, removed to Rome in 1635, and died there in 1680. He 
wrote extensively on philosophy, mathematics, mechanics, 
physics, geology, meteorology, natural history, ethnology, 

443 



444 SCIENCE PROGRESS 

philology, ancient languages, hieroglyphics, and other sub- 
jects. He is still dimly famed as having devised a calcu- 
lating machine, invented the “ magic ” lantern, and discovered 
hypnotic phenomena in animals. In each case his priority 
is disputed. With imaginative gifts and considerable scientific 
and literary skill, he combined an easy credulity and an 
unworthy taste for magic ; so that his works contain numer- 
ous errors, and we are still burdened with an undignified 
name for the optical projector. His germ-theory was based on 
erroneous observation. It seems certain that he could not have 
detected bacteria with the instruments at his command, which 
are said to have been simple lenses magnifying not more than 
thirty-two diameters. Probably many of his supposed disease 
worms were tissue cells, blood-, and pus-corpuscles. In the 
year that Kircher’s book on contagion was published Swam- 
merdam described the red blood-corpuscles in his Biblia Natura ; 
this work was, however, only published eighty years later, at 
the instance of Boerhaave. The first accurate description of 
blood-corpuscles to be generally available was that of Leeuven- 
hoek, published in 1674. 

Ctf different temperament from Kircher, careful in conclusion 
and meticulously accurate in observation, was Anton Leeuven- 
hoek of Delft (1632-1723). 

Leeuvenhoek did not use a compound microscope, but him- 
self made and mounted simple lenses of such excellence that 
they served for a magnification of 160 diameters. Using these 
instruments with extraordinary skill, care, and visual acuity, 
Leeuvenhoek achieved a long series of observations which compel 
profound admiration, even in those who traverse the same 
ground equipped with every modern optical luxury. In 1 785 
Leeuvenhoek, in letters to the Royal &ciety, described exces- 
sively minute organisms which he had observed in exposed 
water, infusions, teeth-scrapings, in the intestines of many 
animals, and in diarrhoeic stools. In 1683 he gave wood-cuts 
illustrating their forms. He also described different types of 
motility, including the somewhat gnat-like motion, which was 
later investigated by Robert Brown, named after him, and in 
our own time explained by Perrin. Leeuvenhoek was, without 
doubt, the first observer of bacteria. His reports aroused . grmt 
interest, the minute organisms were observed in putrefyii^ 
materials by many others, and, though Leeuvenhoek himseu 
did not publish speculations, a casual connection between the 
organisms and putrefaction and disease was freely mooted; 
particularly by Andry (1701) [2], who, considering the bodies 
to be worms, set forth a germ-theoiy of disease in which 
Leeuvenhoek’s organisms constituted the material basis for 
Kircher’s speculations. The theory, though so near the 
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truth, after some prelimmary excitement, was disapproved. 
It appears to have suffered from the uncritical advocacy of 
enthusiasm, and, gaining disrepute, remained in almost com- 
plete oblivion for a hundred and fifty years. Mankind seems 
to have been a little obtuse to the idea of a contagium vivum or 
animatum, and the doctrine of contagion itself found learned 
opponents even in the nineteenth century (Maclean). 

In Daniel Defoe’s Journal of the Plague Year [3], published 
in 1723, occurs the following striking passage (p. 86, Everyman 
edition): “ I look upon with contempt . . . the opinion of 
others, who talk of infection being carried by the air only, by 
carrying with it vast numbers of insects and invisible creatures, 
who enter in the body with the breath, or even at the pores 
with the air, and there generate or emit most acute poisons or 
poisonous ovae, or eggs, which mingle themselves with the blood 
and so infect the body.” 

Defoe was not romancing; he was trying to give a trust- 
worthy account of the plague visitation and its effect on man- 
kind. He used imagination to interpret documents, and to 
bridge gaps in his information ; but trusted that where his 
narrative was unsupported by evidence it was still not far from 
truth. It is, therefore, unlikely that this germ-theory of plague, 
which he mentions only with contempt, was a pure fancy of his 
own. The epidemic which he describes took place in 1665. 
Defoe was probably in London, but vras only six years old. 
The Journal was published when he was sixty-three. In the 
meantime there had been no plague in England, but numerous 
outbreaks had occurred in different parts of Europe. 

In 1707 plague spread from Russia to East Germany, 
thence, about the year 1713, to Bavaria, Austria, and Styria. 
Infected ships from Sidon carried plague to Marseilles in early 
1730, whence it spread over the greater part of Provence. 

At Marseilles the plague raged with impressive virulence. 
The prosperous city was ” within less than two weeks [rendered] 
the most dreadful scene of Human Misery that ever Destruction 
formed in any Gtyofthe World,” so wrote one of its counsellors 
[4]. At one time 2,000 dead were lying rotting in the streets, and 
dead innumerable in the houses. This was only an arrear from 
a hitch in the organised disposals (all the disposers being plague- 
struck or dead), the sheriffs feared an accumulation of 15,000 
in a week if the removal efforts were relaxed [5]. By Octo- 
ber 20, 60,000 were dead and 14,000 left in the town [6]. 
Consternation and alarm spread over Europe, as may be still 
traced in pictures, prints, and literary allusions. 

Defoe followed closely the events in Marseilles and based 
much of his book upon them. A germ-theory of plague was 
Iwttght to discussion, and speculation was supported by refer- 
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ence to Lancisi's [7] work of two years earlier, in which he 
contended that malaria was caused by minute animalcules, 
which, besides mosquitoes, emerge from marsh water and 
attack the bodies of men. Varro [8], a contemporary of 
Cicero, Terentius Rusticus [9], Columella, and others had 
expressed a similar idea, but the writing of Lancisi was fresh 
to mind. 

Goiffon, director of the Bureau de la Sant^ at Lyons, wrote 
in 1720: “Des insectes venimeux apportfe de quelque contr6e 
dtrang^re avec des marchandises, d'oh ils se r^pandront dans 
les airs d’une ville, produiront tons les funestes eifets qu’on 
remarque dans la peste.” These “ insects ” are invisible, and 
may be as small, compared with a mite, as is a mite compared 
with an elephant ; nevertheless, a sulKciently powerful micro- 
scope might discover them. Further, " Toute pr^Svention k 
part, tant qu'on voudra dtablir la cause de la peste dans des 
sujets inanim^, on n’expliquera jamais avec satisfaction aucun 
des symptomes, au lieu qu’en supposant des vermisseaux, des 
petits vers, des insectes, des petits corps animfe. Ton comprend 
sans tant de peine et de difhcultd la multiplication de la cause 
de la peste . . . et son renouvellement aprks plusieurs ann^es 
d’extinction ou de cessation.” 

Eggerdes [10] again, writing on plague in 1720-8, after 
first considering and rejecting several other theories, concludes 
that plague arises from a material poison-entity carried from 
place to place in fomites, that such poison must be organised 
and able to reproduce itself to infinity. 

Such was the historical basis for Defoe’s remarkable passage. 
Nor was the undeserved contempt with which he introduces 
it without equal foundation. Pestalozzi, a colleague of Groiffon's, 
wrote : ” En voilk bien assez. Monsieur, en voilk trop 1 Nc 
faisons pas nattre dans notre brillante imagination des insectes 
volants, qui se multiplient k I’infini, dont les generations ne 
cessent jamais, qui pullulent dans I’air, dans les marchandises 
et dans les corps animes 1 Qui pourrait resister k cette funeste 
engeance, ok est-ce que cette vermine ne serait pas portee sur 
les ailes du vent ? et quelle serait la retraite, ok serait I’asile 

E >ur s’en garantir ? ” and stated a germ-theory succinctly in 
s derision. The ” inconceivable insects ” became a butt for 
popular ridicule. Bacteriology, even to-day, does not entirely 
escape. 

^tween 1725 and 1835 suggestions of a germ-theory of 
disease were few and were ill received. Linnaeus [i i] gave the 
idea his support by classifying Leeuvenhoek’s minute organisms 
together with the supposed contagia viva of fevers in one group, 
which he named “ chaos.” He also suggested, in 1760, that 
these animalcules had periods of eating, sleeping, and repro- 
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dudog, and that the periodicity of certain fevers was connected 
therewith. 

In the year 1762 Marcus Antonius Plenciz [12] of Vienna 
made a clear and logical statement of a germ-theory of infection. 
He maintained that the enormous increase of the infecting 
material, its carriage through the air, the latent period of many 
fevers, all pointed to a living agent. He asserted the constancy 
of character of each infective disease — a fact then not generally 
agreed upon — and argued that each separate disease had its 
own special excitor and no other. “ Sicut enim ex certo con- 
tagioso miasmate certus et determinatus affectus et non alius 
evolvitur et propagatur.” Meteorological conditions, then so 
freely evoked in pathological explanation, were only of import- 
ance in so far as they favoured the life of the infecting agent, 
or disfavoured that of its victims. The task of therapeutics 
was to find specific medicaments which were directly opposed 
to the infecting agent of each disease. 

Reimarus [13] also, in 1795, expressed the view that the 
materia morbi of infectious diseases was something living, 
because of its power of increase, and " Dieses mit einigen 
Schriftstellern Insecten zu nennen scheint das Feine desselben 
nicht zu treffen ” ; they might be infusorian, or, for those days, 
ultra-microscopic. 

In the latter half of the eighteenth century observations 
on micro-organisms gradually accumulated ; their morphology 
was brought into some scientific order by Otto Mtiller of 
Copenhagen, while the experiments of Needham, Bonnet, and 
Spallanzani on spontaneous generation directed attention to 
their life processes and to their connection with fermentation. 
In the early nineteenth century micro-organisms received in- 
creasing attention, and in the year 1837 investigations of great 
importance were published. Cagniard-Latour [14] and Schwann 
[i 5], each independently, showed that yeast was a living organism 
and that alcoholic fermentation was intimately connected with 
its life and growth. In the same year Donn6, as a result of 
observations and experiments on micro-organisms in syphilitic 
pus, raised the question whether such bodies might be the 
cause of syphilis and the means of its transmission. Bassi 
[16] achieved proof of the dependence of a disease on micro- 
organisms by demonstrating that a silk-worm disease was 
caused by yeast-like bodies, and was propagated by their being 
transferred from the sick worm to the healthy. 

In the year 1840 Jakob Henle [17], Professor of Anatomy 
at Gdttingen, impressed by the work of Cagniard-Latour, 
Schwann, and ^ssi, set forth his conviction that all contagious 
and " miasmatic-contagious diseases were caused by minute 
living organisms. His conclusion was based on a careful survey 
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of the facts of infection, and on logical deductions therefrom. 
“ £r halt es fUr naheliegend das Contagium sich mit einem 
vegetabilischen Leib zu denken, da man ti^lich mehr die grosse 
Verbreitung, die rasche Vermehrung, und die Lebensfhhigkeit 
der niederen Pflanzenwelt kennen lernt,” and gave to the vague, 
thousand-year-old notion of a material contagium, invisible 
and continuous behind the apparent and discontinuous i»-ocess 
of contagion, a local habitation in the bodies of minute plants. 
For proof that an organism caused disease Henle laid down three 
requirements at least, similar to those which Koch subsequently 
enunciated in greater detail. The organism must be found 
constantly in association with the disease, and in the living 
tissues ; it must be isolated ; it must then be tested by experi- 
ments, including animal inoculation. The correctness of 
Henle 's views and methods was not demonstrated by himself ; 
the technique of the time was inadequate, and another twenty- 
five years elapsed before experimental proof began. 

In the meantime the common pathogenic fungi were 
identified. That of Favus by Schonlein, and that of white- 
mouth by Langenbeck, both in 1839 ; the fungus of ringworm 
by Gruby and Malmsten in 1845 ; ^^^d that of Pityriasis 
versicolor by Eichstedt in 1846. 

The first demonstration that a bacterium was a cause of 
disease was due to the influence of Pasteur. It was Pasteur’s 
work, especially that on butyric acid fermentation, which about 
the year 1861 induced Davaine to investigate again the micro- 
scopic rods which in 1850 he and Rayer had discovered in the 
blood of cattle suffering from anthrax, and whose immense 
significance he had then completely overlooked. The bacilli 
had been observed independently by Pollender [18] in 1849 
(published in 1855), and also by Brauell ( 1857-8), who considered 
them to be peculiar to anthrax, and even as early as 1838 by 
the veterinary Delafond. In i860 Delafond, shortly before his 
death, had observed the bacilli to grow in warmed blood. By 
1863 Davaine was able to produce a mass of evidence, further 
amplified by 1865 [19], that the bacilli and they alone were the 
cause of the anthrax disease. This conclusion was challenged, 
and occasioned much controversy in the succeeding years. Not- 
able contributions in support of the bacterial thesis were made by 
Klebs and by Koch. Meanwhile, Pasteur was engrossed in tlw 
discovery and elucidation of two bacterial diseases in silk- 
worms . When completely s uccessful, with only a few opponents 
unsilenced, he was struck with paraljrsis and hardly expected to 
survive. It might well seem in 1868 that his labours for 
mankind were complete and ended. His most striking work, 
however, and perhaps his greatest, was still to come, and 
an important departure may be noted when, with incomplete 
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bodily recovery, in 1876, he took up the investigation of 
anthrax. 

For two hundred years germ-theories of transferable disease 
had been discussed and rejected at intervals, before the truth 
contained in them began steadily to gain recognition. One 
seeks reasons for this delay, but, when an attempt is made to 
explain historically why something did not happen, the im- 
portant reasons are probably contained in what the explainer 
does not say. The following suggestions, therefore, are put 
forward only in the most tentative fashion. 

From Leeuvenhoek to the early nineteenth century the 
evidence cited for a germ-theory was epidemiological only. 
Experiment was lacking. And investigation of micro-organisms 
was delayed. O. G. Muller’s Animalcula infusoria, the first 
work of importance since Leeuvenhoek, appeared in 1 786 ; but 
Ehrenberg’s more valuable Die Infusions-tierchen als vollkom- 
mene Organismen was fifty-two years later in publication. 

In no disease was it generally agreed, until recent times, 
that propagation was solely or even chiefly by infection of the 
healthy from the sick. On the contrary, many authorities held 
that such a transference of disease was impossible — and this 
even after inoculation with smallpox to obtain an immune 
population had attained celebrity. They regarded the doctrine 
of contagion with sorrow and even anger, as being most mis- 
leading and mischievous, diverting attention from the truth, 
whose recognition must be the preliminary of effective action, 
that the victims of an epidemic were all infected from the same 
source. This source was usually suspected to be the air, and 
an immensity of effort was devoted to collection and considera- 
tion and meteorological and similar data. 

The words " miasma ” and " miasmatic-contagion ” were 
used with ill-defined significance of a hundred different varieties, 
inviting as many varieties of misunderstanding. Incisive 
definition might have revealed the truth, as a dissector lays 
bare a structure or a sculptor reveals his conception in a block 
of marble. 

A number of miasma-theories were entertained, though they 
were seldom clearly designated. The air might be altered, or 
might be merely the vehicle of the deleterious agent. A great 
many writers believed, or were willing to believe, that during 
epidemics the air was charged with multitudes of invisible par- 
tmles which entered the body with the breath or perhaps in 
Other wa3rs ; caused a kind of fermentation, manifested as fever ; 
multiplied greatly ; and were given off again in the breath, 
dejecta, etc., repolluting the air. The final step of considering 
these [Articles to be living was omitted, perhaps because the 
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minuteness and simplicity of bacteria were not guessed at ; and 
perhaps also because the study of fermentation had not yet 
shown clearly the potency of intangible quantities of enzymes. 

A living thing which was without organic parts and almost 
without magnitude and yet powerful had to be demonstrated 
before it was imagined. The early germ-theorists suspected 
something more elaborate, farther removed from mathematical 
" particles.” Except in the field of immunity, pathologists have 
seldom framed conceptions beyond the reach of sense-experi- 
ence, such as have proved so immensely fruitful in physics and 
chemistry. 

A single explanation was applied to a multitude of different 
diseases, whose common feature was merely that the cases were 
sufficiently numerous, contemporary, and contiguous to impress 
the imagination. The explanations often contained a good deal 
of truth, but truth presented inconveniently, as we see when 
lime-kiln coma, influenza, and malaria were, not incorrectly, 
described as miasmatic diseases. The air-borne particles have 
proved to be ultra-microscopic, microscopic, and macroscopic 
respectively, and of very different natures. 

It is not surprising that the facts of malaria-transmission 
were not guessed at, but it does seem a little strange that the 
discovery of the microscopic and elusive parasite should have 
preceded and led to the incrimination of the easily visible one. 

Acceptance of the germ-theory was also delayed far into the 
last century by the doctrine, maintained by many authoritative 
chemists up to and including the illustrious Gustav Liebig, 
that on the cessation of life its material basis fell automatically 
into dissolution. Involved with this conviction was the belief 
that the simplified materials then automatically combined 
themselves to make simple living organisms, a doctrine which 
l^euvenhoek himself had refused to accept. 
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The inventor of the gold-leaf electroscope conferred a great 
and lasting benefit on electrical science. In the eighteenth 
century, experiments on frictional electricity excited the 
interest of natural philosophers in much the same way that 
experiments on radiotelegraphy do now, and the great problem 
was to find a satisfactory method of ascertaining the sign and 
measuring the amount of the charges employed, especially 
when these were small. 

The instruments devised for this purpose were called 
electrometers. At first a single thread was employed ; subse- 
quently John Canton fastened two small balls of cork or pith 
to the extremities of a linen thread which he suspended by 
the middle. But Canton's electrometer possessed various 
defects ; the threads twisted and the bails had an unfortunate 
habit of adhering when first charged and then separating 
suddenly ; moreover, the instrument was disturbed by air- 
currents. 

Various attempts were made to remedy these defects and 
to increase the sensitiveness of the instrument. Cavallo, for 
instance, reduced the size of the apparatus, suspended each 
ball by a separate piece of thread the upper part of which 
was formed into a loop which moved in a ring of brass wire, 
and substituted silver wires for the linen threads. He also 
enclosed the instrument in a glass bottle. 

Leaf-gold and leaf-brass were commonly used at this time 
to demonstrate the attraction of light objects by charged 
bodies. Abraham Bennet, about the year 1786, replaced the 
thread and balls of Canton’s electrometer by strips of gold- 
leaf, thus obviating the defects and greatly increasing the 
sensitiveness of the instrument. 

Bennet 's gold-leaf electrometer became at once an important 
instrument of research and remained so until the invention 
of Lord Kelvin's quadrant electrometer. Since the use of 
instruments of the latter type became common Bennet 's 
instrument has been known as the gold-leaf electroscope. In 
recent years, and in its modem forms, it has again b^ome 
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proimnent as an instrument of research, as it has proved 
admirably suited for the study of ionisation and radioactivity : 
nor should it be forgotten that it has throughout been indis- 
pensable to teachers of electrostatics. 

Bennet has, however, suffered the common fate of the 
pioneer and, in spite of the benefits he has conferred on electrical 
science, his memory has fallen into undeserved oblivion and his 
invention has even been attributed to others. In the Dictionary 
of National Biography, for example, the invention of the gold- 
leaf electrometer is credited to George John Singer (1786-1817), 
whilst no account is given of Abraham Bennet. In these 
circumstances it may be of interest to record what little can be 
gleaned concerning him in the neighbourhood where he lived 
and where his scientific work was done. 

The available sources of information are very meagre, and 
we have chiefly to rely on Bennet ’s memorial tablet on the 
south wall of the nave of Wirksworth church, and his book. 
New Experiments on Electricity, which was published in Derby 
in the year 1 799. 

The inscription on the tablet is as follows : 

TO THE MEMORY OF 

THE REV. ABRAHAM BENNET, F.R.S. 

WHO WAS xxni YEARS CURATE OF WIRKSWORTH 
RECTOR OF FENNY BENTLEY ; 

DOMESTIC CHAPLAIN TO 
HIS GRACE THE DUKE OF DEVONSHIRE ; 

PERPETUAL CURATE OF WOBURN 
AND LIBRARIAN TO 
HIS GRACE THE DUKE OF BEDFORD. 

HE WAS AUTHOR OF A WORK ENTITLED 
“ NEW EXPERIMENTS ON ELECTRICITY ” 

WHICH ESTABLISHED HIS REPUTATION FOR SCIENCE 
AMONGST THE PHILOSOPHERS OF ALL COUNTRIES ; 

HE DIED AT WIRKSWORTH ON THE VI DAY OF MAY MDCCXCIX 

AGED XLIX YEARS. 

Wirksworth is an ancient market town and is situated in a 
valley among the hills of the Low Peak of Derbyshire, about 
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thirteen miles to the north-west of Derby and about four miles 
from Matlock. In Bennet 's day there were, of course, no railways, 
and the road from Derby to Matlock passed through Kedleston 
and Wirksworth, as the present main road to Matlock and 
Manchester did not then exist. The town was the centre of 
a famous lead mining industry, with which were associated 
many curious customs and rights ; the industry has now fallen 
into decay. There is evidence that the mines were worked in 
Roman and &xon times, and it is said that in the eighteenth 
century the vicar’s tithes of lead-ore amounted to £i,ooo per 
annum. There is a fine church with an interesting history 
which is described in Cox’s Derbyshire Churches, as is the 
church at Fenny Bentley. 

Fenny Bentley lies about eight miles south-west of Wirks- 
worth across the hills in the direction of Ashbourne. In 
Bennet ’s time it was a village with a population of less than 
two hundred, whilst the population of Wirksworth was rather 
less than three thousand. It appears then that Bennet came 
to Wirksworth as curate in the year 1 776, at the age of twenty- 
six, and became rector of Fenny Bentley in 1796, so that ne 
only held the latter post during the last three years of his 
life. It was at Wirksworth that his electrical work was done. 

Adjoining the churchyard at Wirksworth was the Free 
Grammar School, founded in 1576 by Anthony Cell, Esquire, 
“ for the education, bringing up and instruction of children 
and young men in grammar and other literature.” The Rev. 
A, Bennet, M.A., appears in a list of masters, but nothing seems 
to be known of his university career. His name cannot be 
traced in the register of either Oxford or Cambridge. 

The wording of the title-page of Bennet ’s book. New Experi- 
ments on Electricity, is reproduced on the following page, as it 
gives a clear statement of the subject-matter. 

The work is dedicated to the Rev. Dr. Richard Kaye, 
F.R.S. (afterwards Sir Richard Kaye, Baronet), Dean of 
Lincoln and Trustee to the British Museum. Dr. Kaye, it 
may be noted, was vicar of Wirksworth from 1 787 to 1 790. The 
book was an octavo volume of some 158 pages in plain boards, 
and was published by subscription. There is an interesting 
list of over four hundred subscribers. Among them are no 
less than twenty-two Fellows of the Royal Society, of whom 
seven signed Bennet 's certificate for election to the society, 
viz. : Josiah Wedgwood, Erasmus Darwin, James Watt, Joseph 
Priestley, William Withering, James Keir, Matthew Boulton, 
Samuel Galton, and Richard Kaye. He was elected on 
March 19, 1789. Other subscribers who were Fellows of the 
society were Sir Joseph Banks, Dr. Blagden, Henry Cavendish, 
and Mr. Naim. 



NEW EXPERIMENTS 

O N 

ELECTRICITY, 

WHEREIN 

THE CAUSES OF THUNDER AND LIGHTNING 

AS WELL AS THE CONSTANT STATE OF 

Pofitive or negative Electricity in the Air or 
Clouds, are explained ; 

WITH 

Experiments on Clouds of Powders and Vapours 

ARTIFICIALLY DIFFUSED IN THE AIR. 

ALSO 

A DESCRIPTION OF 

A DOUBLER of ELECTRICITY, 

AND OF THE MOST 

SENSIBLE ELECTROMETER YET CONSTRUCTED. 

WITH OTHER 

New Experiments and Difcovcrics in the Science, 

ILLUSTRATED BY EXPLANATORY PLATES. 


By the Rev. A. BEN NET, F.R.S. 
Curate of Wirks worth, Derbyfhire. 


DERBY; 

PRINTED BY JOHN DRIWRY.--M,DCC,LXXXIX. 
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The Derby Philosophical Society appears in the list of sub- 
scribers. This society was founded by Erasmus Darwin in 1784, 
and Abraham Bennet was one of its members. Happily the his- 
tory of the transaction can be traced in the Journal of the society. 

The following entries, made by the secretary, Richard Roe, 
appear : 

i i. 

1788 Ap. 5. Paid subscription for Bennet on electricity to 

Dr. Darwin ...... 26 

Oct. 3. Cash p. Mr. Bennet . . . .110 

1789 Aug. 6. Postage from &&. Bent 4^ 

Sept. 3. Carr, from Mr. Bennet 6i. : por. id. . . 8 

Oct. 3. Paid Mr. Bennet the remaining half subscription 

for his book ...... 26 

Dec. 29. Postage from Mr. Bennet .... 2} 

From these entries it is clear that Bennet was an active 
member of the society. We find him paying his subscription 
as well as carriage (doubtless by carrier's cart), porterage, and 
postage. We also learn that the price of his book was five 
shillings, which the society paid in two instalments, one before 
and one after publication. The society purchased books of 
natural history and philosophy which were circulated to its 
members, and it was Dr. Darwin's practice to acquire such 
books for the society from time to time. Quite a number of 
members of the Philosophical Society were subscribers to the 
book also. 

Eleven subscribers bear the name of Wright. It is clear 
from the names that they are mostly if not entirely members 
of the family of Wright of Derby, and it is not unlikelv that 
the “ Mr. Wright ” is the painter Joseph Wright himself. 

The list further includes the names of the Dukes of Devon- 
shire, Northumberland, and Portland, Lord G. Cavendish, 
Lord Willoughby de Broke, Sir Richard Arkwright, and a 
number of names well known in the county of Derbyshire, e.g, 
Fitzherbert, Harrington, Harpur, Hope, Hurt, Mundy, Sacha- 
verell Pole, and Strutt. 

Finally we may mention His Royal Highness, Ferdinand, 
Archduke of Atutria ; Rev. William Hudson, Fellow of Trinity 
College, Cambridge ; Rev. Christ. Hunter, Fellow of Sidney 
College, Cambridge ; Freemasons' Lodges, No. 47, and No. 189 
Macclesfield ; and Mr. Volta, Professor of Nat. and Exp. 
Philosophy. 

Bennet 's book gives an excellent idea of the scope of 
the electrical experiments which were being made towards 
the end of the eighteenth century, immec^tely before the 
discovery of current electricity. It consists of an Introduction 
and eight sections. 
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In the Introduction the author adopts Franklin's view that 
electricity is an extremely subtle elastic fluid. The topics 
discussed in the light of this theory are the distinction between 
conductors and non-conductors, insulation, attraction and 
repulsion, and the charge and discharge of the Leyden bottle. 
The electric field of a charged body is regarded as an electric 
" atmosphere ” and we have the interesting statement that 
“ if light conducting substances as bits of gold leaf*- be brought 
within an electrical atmosphere, they become attracted towards 
the electrified body.” Electrical phenomena are explained, 
though not very convincingly to a modern reader, in terms of 
these " atmospheres.” 

Finally the reader is warned that it is impossible to acquire 
an adequate knowledge of electrical science without an atten- 
tive performance of experiments, and the author suggests that 
the gold-leaf electrometer may, without partiality to his ovra 
contrivance, be recommended as the first instrument to be used, 
and that the use of the electrometer and the doubler will suffice 
for the instruction and amusement of the ladies as well as 
gentlemen who have honoured him with their patronage. 

Section I contains the description of the gold-leaf electro- 
meter and is quoted at length. 

” Description of a Gold-leaf Electrometer 

" This instrument principally consists of two narrow slips 
of gold leaf suspended in the middle of a hollow cylindrical glass. 

" The foot A, plate i, may be made of metal or wood, and 
about three inches high, that there may be convenient room to 
handle the instrument without touching the glass. The 
cylindrical glass B in which the gold leaf is suspended may be 
about five inches high, and two inches in diameter. The cap C 
is made of metal, and flat on the top, that the various sub- 
stances whose electricity is to be examined may be conveniently 
placed upon it. The diameter of the cap is about an inch more 
than that of the glass, and its rim D is about an inch broad 
and hangs parallel to the glass to keep it clean and dry. Within 
this is another circular rim about half as broad as the other, 
made to go over or within the glass, and is therefore lined or 
covered with leather, or other soft substance, to make it fit 
close, and thus the cap may be easily taken off to repair any 
accident happening to the gold leaf. Within this rim and in 
the centre of the cap a tube is fixed, wherein the peg E is 
placed. To the peg, which is made round at one end and flat 
at the other, two slip of gold leaf F are fastened with paste, 
gum water or varnish. 

* The italics are inserted. 
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" If gold leaf is used it may be shorter than silver leaf. The 
gold is much more sensible, but the silver is easier to cut and 
less liable to be accidentally torn. I have mostly used gold 
about two inches long, tapering to a fine point and fastened 
to the peg at the broad end. The breadth of the upper end 
of the gold is about one-fifth of an inch, which keeps the slips 
more exactly parallel, and the electrical repulsion is more 
sensible when the points are narrow, as I have observed when 
an accidental very narrow slip hung by the side of two parallel 
ones, the narrow slip always moving &rst. 

“ Without the glass the gold leaf would be so agitated by 
the least motion of the air that it would be entirely useless, 
and if electricity should be communicated to the sides, the 
gold would be attracted and torn, therefore two pieces of 
polished tinfoil G H are fastened with varnish on opposite 
sides of the internal surface where the gold leaf mdy be expected 
to strike, and are connected with the foot of the electrometer. 
The breadth of the tinfoil at the foot is one-fourth of the cir- 
cumference of the glass, and it terminates in a point towards 
the cap, about as high as the peg to which the gold leaf is 
fastened. It is broad at the bottom, because there the points 
of the gold leaf are most liable to strike the glass, and being 
made narrow upwards does not prevent the repulsion from 
being easily observed. 

“ These slip? of tinfoil, not only carry off superfluous 
electricity, but serve other important purposes, as will appear 
from these two experiments. 

"Experiment I 

" Upon a supposition that the gold leaf was attracted by 
the tinfoil, I suspended it in the open air, without a glass, and 
when electrified I brought two wires near it, and the gold 
leaves open’d wider, till they touched and collapsed, then 
upon bringing the wires still nearer they again diverged, which 
proved that the two pieces of tinfoil were useful to increase 
the sensibility of the instrument. 

" Experiment II 

“ I fastened the gold leaf to the inside of an iron mortar 
hanging by a silk string with the mouth downwards, and 
though I communicated to it as much electricity as it would 
receive, the gold leaf did not diverge till a wire was introduced, 
which first caused the points to open, and then the highdr 
part of the gold, as the wire came nearer to the place where 
the gold was fastened. This experiment shows that the 
tinfoil takes off the influence of the cap which would otherwise 
diminish the repulsion of the gold leaf. 
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'* The upper end of the glass is covered and lined with 
sealing-wax, at least as low as the outermost rim, to render its 
insulation more perfect, for sealing-wax does not collect moisture 
from the air so soon as glass. In performing this operation, 
the glass should be gradually heated over a candle till it will 
cause the wax to flow uniformly over the surface, for if it be 
covered whilst the glass is cooler than the wax it will not 
insulate so perfectly. The foot may be about three inches and 
an half in diameter at the bottom, that the instrument may 
stand sufficiently firm. 

“ An electrometer of this kind has been carried from Bir- 
mingham to London ; another from Wirksworth to York, and 
a third from Wirksworth to Etruria* in a portmanteau on 
horseback, yet without injury ; it is therefore easy to make 
electrometers less in every dimension, especially in diameter, 
whereby their sensibility is increased, and inclose them in a 
proper case to carry in the pocket, to observe the atmospheric 
electricity whilst on a journey, or on the top of a mountain. 
For some purposes it may be also necessary to make them larger. 
In many experiments I have used one about five inches in 
diameter, which shewed the changes in the atmospheric elec- 
tricity more distinctly than a smaller electrometer whose gold 
leaf would sooner strike the sides. 

"The broad cap of this large electrometer was also very 
convenient for placing upon it red-hot crucibles or vessels of 
water in experiments on evaporation," 

Section II contains an account of thirty-eight " experiments 
on clouds of powders and vapours artificially diffused in the 
air, and other experiments illustrating the principles of elec- 
tricity, and shewing the great sensibility of the gold-leaf 
electrometer." The powders were for the most part blown 
from a bellows on to the electrometer. In several of the 
experiments a lighted candle is used in conjunction with the 
electrometer, and it is stated that " a lighted candle placed 
upon the electrometer very much increases its sensibility, and 
is peculiarly useful in collecting atmospheric electricity : but 
if the communicated electricity is not constantly supplied, it 
will also soon dissipate its charge in the air." 

Section III is entitled " New Experiments with M. Lichten- 
bur^'s Large Electrophonis." Lichtenburg's figures were 
origmallv made on a resinous electrophorus by drawing over it 
the knob of a charged phial, and were rendered visible by 
sifting powdered resin over the plate. Bennet describes forty 
MCperiments in which chalk and other powders were employed 
with electric charges of varied stren^h. He ako describes 
methods of fixing the figures on paper and other materiak. 

I Josiah Wedgwood lived St Etruria. 
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At Wedewood’s suggestion a successful attempt was made to 
fix the %ures on porcelain by projecting fine powdered enamel 
and then baking the plate in the ordinary way. The frontis- 
piece to the volume is a ^ure obtained by placing a circular 
brass plate with an insulating handle upon a resinous plate, 
communicating a spark from the charged bottle to the latter, 
removing it by the insulating handle and then projecting the 
powdered chalk. 

Section IV is devoted to “ experiments in which electricity 
is condensed or rarefied by the evaporation of water from 
various substances.” Reference is made to Volta's discovery 
of electricity produced by evaporation of water from hot 
coals ; to experiments by Lavoisier and De la Place in which 
electricity is obtained when a gas is evolved by chemical 
means, e.g. by the action of dilute vitriolic acid on iron filines ; 
and to the &ussure experiments in which hot iron or other 
metal was plunged in water or water was poured into a heated 
crucible of iron or other material. Seventy experiments of 
this character in which the resulting charges were tested by 
the gold-leaf electrometer are then described. 

Action V contains " a description of a doubler of electricity 
by which a very small quantity of electricity may be augmented 
till it becomes sensible by common electrometers, or visible in 
sparks.” 

The great importance of a machine for the purpose of 
detecting very small quantities of electricity is pointed out, 
as by its aid it was hoi>ed that important discoveries might 
be made in atmospheric electricity, as well as in chemical 
experiments. The doubler, which is shown in the illustration 
above the electroscope, is thus described : 

” This instrument in its first and simplest construction 
consists of two polished brass plates with insulating handles. 
The handle of one is fixed on the side of the plate, and the 
other on the middle, and standing perpendicularly. 

” The plates are varnished on the underside, and the 
handles are made of mahogany, and fixed to the plates by 
insulating nuts of glass covered with sealing-wax. 

” The method of collecting electricity from the atmosphere, 
and continually augmenting it till it became sensible, was 
thus performed. 

” in dry weather I carried into the open air a lighted torch 
not liable to be easily blown out, or a small lantern with a 
lighted candle in it, to the bottom of which was fixed by means 
of a socket an insulating handle of glass covered with sealii^ 
wax. In the other hand was carried a coated phial. Then 
elevating the flame a little higher than my head 1 applied it 
to the Imob of the phial, holding it in this situation aixtut half 
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a minute. By this means I have found that more electricity 
may be collected than by an exploring wire insulated and iBxed 
to the top of a church steeple, as practised by F. Beccaria. 
Having thus collected a sufficient cWge I returned into the 
house and applied the knob of the phial to the cap of the gold 
leaf electrometer, upon which I placed the plate (b) touching it 
with the forefinger stretched over the insulating nut ; by this 
operation the electricity contained in the phial spreads upon the 
cap which serves as a condensing plate, and electrifies the plate 
(b) contrarily, because it is connected with the earth, and the 
varnish is interposed as a charged electric. The phial being now 
removed and the forefinger lifted up, the plate (b) is separated 
from the cap, and the plate (c) placed upon its upper side and 
touched by stretching a finger over the nut of its insulating 
handle, this last plate is then electrified contrary to (b) and the 
finger ^ing removed, and the plate (c) separated from (b) it will 
be evident to electricians that the electricity of the cap and 
that of the plate (c) will be of the same kind, and nearly of 
equal quantity, so tnat the original charge is now doubled. 

" I then apply the edge of the plate (c) to the side of the 
cap, and placing (b) as before, and touching it again, the 
electricity of (c) as well as that of the cap, both act upon the 
plate (b) and the intensity of its contrary electricity becomes 
equal to both ; then removing (c) which comes away unelectri- 
fied ; I take off my forefingers from (b) and lift it up, and 
placing (c) upon it I proceed as before, thus continuing to repeat 
this doubling process till the gold leaf diverges sufficiently to 
examine the quality of its electricity ; or if the gold leaf be 
first taken out, the process may be continued till sparks appear. 

“ In rainy weather the knob of the phial was applied to the 
insulating handle of an umbrella, or to a torch carried under 
it, and in this manner I continued to examine atmospheric 
electricity, till I constructed a more convenient apparatus.” 

” To prove that the electricity is doubled, it may be observed 
that the gold leaf opens to about twice the distance at each 
operation, and the application of the plate (c) to the side of 
the cap, or to a wire placed in it, does not diminish the divergency 
of the gold leaf though in this situation their electricity is 
diffused over double the quantity^ of surface, and admitting 
that the charge is doubled every time, which is not far from the 
truth whilst the intensity is weak, the twentieth operation 
will augment the first quantity of electricity above 500,000 times, 
and this process even with a doubler in its original and most 
imperfect state may be performed in less time than a minute.” 

Section VI describes ” improvements of the electrical doubler, 
with experiments made to discover the causes and obviate the 
inconvenience of its adhering or spontaneous electricity.” 



463 SCIENCE PROGRESS 

The object of the doubler was to test the si|;n of small charges 
communicated to the instrument, by the aid of the gold-l^f 
electrometer. It was found, however, that the doubling 
process invariably produced electricity resulting either from 
a small residual charge or from accidental friction. Although 
the defect was not so great as to render the instrument useless, 
it was thought desirable to try to deprive the doubler of its 
“ adherent or spontaneous ” electricity. The attempts resulted 
in the “ revolving doubler,” in which the electrical operations 
of the simple doubler are performed mechanically. 

” Dr. Darwin, at the desire of Lord G. A. Cavendish, made 
the first attempt with two plates moving between two others 
by a lever, so as to bring them exactly to the same position in 
each operation. This contrivance he soon improved by another 
instrument in which the plates stood vertically and moved by 
rack work in a direction exactly parallel to each other.” 

Bennet tried whether the plates would act without any 
resinous substance, found that the interposed air was a good 
substitute, and hoped that since it was not now necessary to 
varnish the plates, nor bring them into contact, the spontaneous 
electricity supposed to arise from the accidental friction of the 
plates would not be produced. He also made a doubler which 
consisted of three plates arranged vertically, the middle plate 
sliding backwards and forwards between the other two. 

Dr. Darwin, in his Phytologia, has an illustration of Bennet ’s 
doubler in which the plates are arranged horizontally, the 
moving plate being attached to the pendulum of a clock. This 
was devised in order to keep a flower-pot constantly charged 
with positive or negative electricity and so to ascertain the 
effect of electrification on the growth of plants. 

Finally Bennet contemplated constructing a revolving 
doubler, but before he had completed it he was presented with 
one made on the same principles by Mf. Wm. Nichobon which 
he considered the most satisfactory doubler yet made. 

” This doubler consists of two insulated and immoveable 
plates about two inches in diameter, and a moveable plate 
abo insulated which revolves in a vertical plane parallel to the 
two immoveable plates^ passing them alternately.” 

” The plate A is constantly insulated and receives the 
communicated electricity. The pbte B revolves, and when it 
b opposite the plate A, the connecting wires at the end of the 
cross piece D must touch the pins of A and C at E F, and a 
wire proceeding from the plate B must touch the middle 
piece G, which b supported by a brass, wooden, or othear 
conducting pillar in connection with the earth. In thb position 
if electricity be communicated to the pbte A, the pbte B will 
acquire a contrary state, and passing forwards, the wires abo 
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moving with it by means of the same insulating axis, the plates 
are agmn insulated till the plate B is opposite to C, and then 
the wire at H touches the pin in C, connecting it with the earth, 
and communicating the contrary state of electricity to that 
of B, but of the same kind with that of A. By moving the 
handle still further B is again brought opposite to A, and the 
connecting wires joining A and C, they both act upon B, which 
is connected with the earth as before, and nearly double its 
intensity, whilst the electricity of C is absorbed into A ; because 
of the increased capacity of A, whilst opposed to B, capable 
by its connexion with the earth of acquiring a contrary state 
sufficient to balance the influential atmospheres of both plates. 

“ Thus by continuing to revolve the plate B, the process is 
performed in a very exjjeditious and accurate manner. 

“ The ball (I) is made heavier on one side than the other, 
and screwed upon the axis opposite to the handle, to counter- 
balance the plate B, which may therefore be stopped in any 
part of its revolution.” 

Seven experiments illustrating the action of the instrument 
are then described. 

Dr. Darwin thought Bennet’s Doubler of Electricity “ the 
greatest discovery made in that science since the coated jar, 
and the eduction of lightning from the skies.” The instru- 
ment was thought highly of in scientific circles at the time, 
but was found unreliable and fell into disuse. 

Section VII deals with “ experiments on the adhesive 
electricity of metals and other conducting substances.” In 
these experiments the doubler was deprived of electricity and 
the revolving plate brought opposite a fixed plate. The 
plates were then touched with different metallic substances, 
the doubling opieration took place, the number of revolutions 
as well as the sign of the resulting charge being noted. The 
results obtained from lead-ore, lead, iron wire, tinfoil, and zinc 
are given in the form of tables. Exp)eriments were also made 
with gold, silver, copper, and other substances, including various 
kinds of wood and stone. 

Section VIII records ” observations on atmospheric elec- 
tricity collected with the flame of a candle.” The observations, 
of which there are fifty, are prefaced by an account of atmo- 
spheric electricity. In these observations a cone of tinned 
iron was mounted at the end of a deal rod about ten feet long, 
from which it was insulated by a suitable cement, the rod 
being supported at an angle of about Jo® to the horizontal. 
From the cone a small lantern containing a lighted candle was 
suspended by a short metal chain, and from the lower end of 
the cone a wire led to the cap of the gold-leaf electrometer. 
In some cases a kite was employed. 
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Bennet contributed four papers to the Royal Society, which 
were published in the Philosophical Transactions for 1787 and 
1792. Two of these relate to the electrometer. The mt is 
entitled, “ Description of a New Electrometer," and is dated 
" Wirksworth, Sept. 14, 1786.” The third paper bou^ the 
title, " An Account of a Doubler of Electricity, or a Machine 
by which the least conceivable Quantity of Positive or Negative 
Electricity may be Continually Doubled, till it becomes Per- 
ceptible by Common Electrometers or Visible in Sparks.” The 
substance of these three papers is incorporated in the book. 
New Experiments on Electricity. In the fourth paper, published 
in 1792, which is entitled, " A New Suspension of the Magnetic 
Needle, intended for the Discovery of Minute Quantities of 
Magnetic Attraction ; also an Air Vane of great Sensibility ; 
with New Experiments on the Magnetism of Iron Filings and 
Brass," Bennet faces the problem of making a sensitive magneto- 
meter. He susi^nded a small sewing needle, by means of a 
spider’s thread, in the cylindrical glass of his gold-leaf electro- 
meter, and found the arrangement very sensitive and remark- 
ably free from torsion. The magnetism of brass is considered 
to be due to the iron it contains. Eighteen experiments are 
described in this interesting paper. 

There is a quaint portrait of Bennet in the vestry of the 
church at Wirksworth. It is a half-length oil painting about xa 
inches by 10 inches in size, and is rather cracked and discoloured. 
The portrait reveals him in profile and facing the left of the 
picture. He is wearing the bands distinctive of his profession, 
and the portrait reveals him as a sturdy, capable, clean-shaven 
divine with closely cropped grey hair, a broad forehead/straight 
nose, and firm chin. Before him in the lower part of the picture 
are his literary works. There is a roll of parchment which may 
represent his Royal Society papers ; beneath that is his book 
inscribed. Experiments on Electricity, and beneath that again 
what appears to be a book of sermons. This fixes the date of 
the portrait as between 1789 and 1799. It b to be regretted 
that the history of the painting is unknown. It is conceivable 
that it may be a study by Joseph Wright, with whom Bennet was 
certainly acquainted, or perhaps by one of Wright's pupib. 

While we have full information as to Bennet ’s scientific 
work and know a good deal about his life at Wirksworth, we 
unfortunately know very little about his personal hbtmy. 
We know nothing of hb parentage or education, or whether he 
married. It would be a happy circumstance if these pages 
should meet the eye of a reader who can supplement the 
information which they contain. 
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When you did me the honour of inviting me to deliver the 
Inaugural Address this evening, I determined to risk your 
indulgence by taking as my subject not any particular line of 
medical work, but the wider theme of Medical Discovery. By 
the word " discovery ” I mean any advance, however small, in 
general knowledge ; and by the words “ medical knowledge ” I 
mean all those branches of knowledge which are concerned in 
the prevention or cure of disease of any kind. Discovery is 
thus the increment, the differential coefficient of the curve of 
knowledge ; and I propose to submit for your consideration 
to-night some thoughts which I have long endeavoured to 
mature regarding what may be called " the natural history of 
discovery,” especially how it came to be made in the past 
and how it can best be encouraged in the future. 

On commencing a preliminary survey of the field, we shall 
see at once that discovery and the process of search (which 
sometimes leads to discovery) are very common phenomena in 
the whole of nature. Thus rivers and winds and even the solid 
masses of the mountains are compelled to seek and to find 
their most convenient courses and configurations. Plants and 
animals must not only discover their food but also those environ- 
ments which suit them best ; and in the higher scales of animal 
life, in the nests of bees, ants, birds, and many mammalia, we 
obsiaTre more conscious efforts of research and discovery always 
proceeding in the wonderful world around us. When we come 
to man we witness the higher development of the process in 
modem science and civilisation. 

What strike us most in the picture are first the amazing 
extent and yet the slowness of the advance ; and secondly, 
its intermittent or, rather, its undulant course. How many 
centuries have elapsed since our ancestral species first descended 
from the trees and took to hunting on the hard ground not 

* Being the Inaugural Address of the i88th Session of the Royal Medical 
Sodety, delivered at Edinburgh. October xy, 1924. Published also in the 
Mtiitai Journal. 
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even the palaeontologists can tell us with certainty : eM^ution 
itself is a part of discovery, unconscious or conscious. After 
that, weapons, habitations, and clothing were, we miy opine, 
the earliest discoveries ; and then came crops and herds, lire, 
boats, and wheeled vehicles, the use of animals for draught or 
riding, fortifications, villages and cities, and social ordinances. 
We are not disposed to contemplate with pleasure or i^ride the 
earliest members of our own profession, the " medicine men " 
of savage tribes ; but nevertheless they must have been not 
only the first physicians but also probably the first priests 
and philosophers. In the barbarous tribes of to-day — as for 
instance the Andamanese, which I know — we can still witness 
the position reached by men before the subsequent accumula- 
tion of discoveries and inventions created what we call our 
present civilisation, our own age of engines, electricity, radia- 
tions, and scientific inquiry into everything. The interval is 
immense. I have heard it argued, on the contrary, that after 
all discovery and invention have not given us much ; but one 
wishes that those who say so would go and live, let us say, in 
an Andamanese jungle without even clothes and bows and 
arrows — ^which were only the first gifts of discovery 1 

But, as I said, the advance has been amazingly slow until 
recent times. We cannot estimate the ages which were required 
to evolve such simple implements as pottery and bows and 
arrows. The Stone Age and the Bronze ^e occupied many 
millenniums before we came to the Iron Age. Seven thousand 
years have elapsed since the earliest known civilisations of 
Egypt, Mesopotamia, India, and China ; and, until the last few 
centuries, life was not so very different in Europe from what it 
was in those countries so long ago. Personally, I always suspect 
that the archaeologists underestimate the depths of the past ; 
or that still older civilisations will be disclosed some day. What 
untold numbers of human beings have existed since those times 1 
and yet progress has been so slow. 

This is my first point. If I were to argue that on a general 
average not one man in a million ever adds anything to general 
knowledge, I should probably be greatly overestimating the 
proportion. This is an age of discovery, and yet the suggested 
proportion is conceivably too high even for to-day. What must 
It have been in many previous times ? We know from history 
that whole ages have elapsed without adding any noteworthy 
discovery or invention to the stock of human knowledge. 
Civilisations have grown up in single spots and then dwindud 
away, leaving great periods of time during which not onfy have 
no advances b«n made but previously acquired knowle4ge has 
faded and been forgotten. Sir Flinders Petrie, in his remarkable 
Revolutions of Civilisation (Harper, 1912), recognises no less than 
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e^ht <^les of alternating advance and decay in 'Egypt during 
the last ten thousand years. In each of these, progress in 
discoveryj invention, and art occurred only during a short 
period at the height of the cycle and was then followed by 
delay. One reads much the same thing in the histories of 
China, India, Mesopotamia, Greece, and Rome. In the slack 
periods, little or no additions to knowledge at all are made. 
The history of science is eloquent on the point. For example, 
ancient mathematics practically began with Thales and 
Pythagoras about 620 b.c. and almost ended with Diophantus 
about A.D. 280 — a period of only nine hundred years. This was 
followed by almost utter darkness as regards mathematics for 
a period of twelve hundred years, until the renaissance of the 
science with Ferro, Cardan, and Copernicus in the fifteenth 
century. Now, it is remarkable that the same great period of 
Graeco-Roman mathematics covers also the great periods of 
Graeco-Roman philosophy, medicine, literature, art, and military 
predominance, all of which commenced and ended at about the 
same epochs. These are well-authenticated facts : what is the 
explanation ? Is it that the intellectual efflorescence of nations 
is limited by some great law of nature which we perceive only 
dimly at present ? — that there is some periodic law as regards 
the vigour of nations, which automatically ordains their advance 
and their decay ? 

If we can define science as the discovery of natural laws, 
invention as the discovery of processes, and art as the discovery 
of beauty, we shall obtain a single formula to include all those 
movements which make for what we call civilisation ; and from 
the very brief survey which I have just attempted we can already 
extract two propositions with certainty, namely, that discovery 
is a rare phenomenon, and secondly, that it tends to be closely 
localised both in place and in time. After the Gr®co-Roman 
period of discovery lasting about nine centuries, there ensued a 
loM negative period of about eleven or twelve centuries, during 
which almost no advance of any kind was made. One can not 
only read about the decay, as in Gibbon and in Sir J. G. Frazer’s 
essay on Pausanias, but can almost witness it in sculpture as, 
for instance, in the upper carvings on Trajan’s Arch in Rome. 
Then, suddenly, in the fourteenth and fifteenth centuries the 
re-Wth began almost simultaneously in every line, in art, 
literature, science, exploration, and philosophy ; and we are 
to-day in the mth or sixth century of that astonishing 
renaissance. 

Sir Flinders Petrie’s hypothesis as to the cause of these 
periodic augmentations of intellectual vigour is that they follow 
the admixture of races by permeation or conquest-^hat is, that 
follow what may be called a racial zygosis somewhat 
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as biological fertility follows ordinary sexual zygosis. Some 
centuries after permeation with a foreign race the v^ur of a 
people begins to increase, its arts and sciences arfe bom or 
reborn, and its wealth and prosperity rise to a naximum : 
then come regression and decay, to be followed by subsequent 
invasions and conquest ; and so on, in cycle after cycle. I 
think that something very like this is shown in the histories of 
the older peoples of the world in Egypt, India, and China ; and 
the present vigour of Europe would, according to this hypo- 
thesis, be due to the great mixture of races which followed the 
downfall of the Roman Empire. Of course it is not necessary 
— ^and is indeed unlikely — ^that all the world's nations should 
be simultaneously in the same stage of development ; and we 
should say that India and China are to-day in the slack stage 
compared with Europe ; and that Europe is approaching the 
slack stage as compared with America. To summarise : the 
hypothesis is that great intellectual achievements are not 
produced by any nation at a constant flat rate through time but 
only during short and successive periods, like the efflorescence of 
plants ; that in the intervals the boughs are bare or covered 
only with leaves ; and that the flowering does not necessarily 
occur in all nations simultaneously. The best examples are 
perhaps the great Periclean Age of ancient Greece and the later 
Augustan Age of Rome. 

But my proper subject to-night is medical discovery. Here, 
so far as my own reading instructs me, we find exactly 
the same phenomena. Our knowledge of ancient iltorptian, 
Sumerian, Indian, and Chinese medicine is very small ; but 
advances in all these countries were apparently periodic, though, 
I fancy, they were probably much greater than we can now 
judge from_ the very few inscriptions or books on medical 
subjects which survive. For example, the great Indian medical 
works were compiled within the second to the seventh century 
A.D., and showed considerable knowledge. It is not true that 
— ^as has been claimed — Susruta (fifth century) attributed 
malarial fever to mosquitoes ; but these books indicate some 
discrimination of many diseases, including diabetes, and also of 
many drugs ; and they describe a hundred and twenty-one 
surgical instruments, many of which “ were properly handled 
and jointed, the blade instruments sharp enough to cut a hair 
and kept clean by wrapping in flannel in a box " — to quote 
from Dr. Fielding H. Garrison’s admirable History of Mtmcine 
(Saunders, 1917). 

This was, of course, after the great period of Greek and 
Alexandrian sciences, from which much of the Indian medical 
learning (like Indian mathenuitics) was quite possibly dc^ved-~* 
though Indian physicians and sui^eons were well recognised 
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as rarly as the time of Alexander. Both the Greeks and the 
Indians seemed to know that rats are coimected with plague. 
The Greeks certainly connected malaria with marshy soil, and 
were able to distinguish the tertian, subtertian, and quartan 
varieties ; and Empedocles of Agrigentum, in Sicily, was said 
to have cleared that town of makria by removing its marshes 
as early as the fifth century b.c. (I suspect that the reason 
why he threw himself into the crater of Etna was because of 
his disgust at the indifference of his countrymen towards 
anti-malaria measures I) I need scarcely discuss Hippocrates 
(460-370 B.c.) here, but may repeat the old complaint that 
ancient medicine went very slowly after his time. Nevertheless 
there was some considerable advance after him and the 
Alexandrian anatomists to Galen (a.d. 131-aoi), whom also 
I need not particularise. The whole period lasted about seven 
hundred years, and then the sun of medical science set for 
nearly thirteen centuries, except for those faint reflections of 
its ancient glory which still haunted that long night. Now 
observe another fact. The entire epoch of Graeco-Roman 
medicine produced only a few men who added materially to 
medical science. The excellent chapter of Dr. Garrison’s work, 
for example, which deals with this epoch, contains only eighteen 
black-letter names, including Hippocrates and Galen, in the 
whole seven centuries. This is a smaller number than that of 
the poets or of the mathematicians of the same period, and, 
of course, a much smaller number than that of the orators, 
politicians, soldiers, and sovereigns. Yet during the same time 
there must have lived very many thousands of physicians, 
surgeons, and ap>othecaries, of whom a considerable proportion 
must have been able clinicians. Such numbers and such com- 
parisons prove the great rarity of discovery even in a scientific 
profession such as the medical profession. But, of course, we 
possess only a minute fraction of the medical works of that 
epoch, some of which, now lost, would probably or almost 
certainly be recognised by us to-day with our more advanced 
knowledge as having been of first-rate importance, though they 
were perhaps not recognised in their own time as such. 

The revival of learning, or rather of discovepr, commenced 
in the fifteenth and sixteenth centuries, nearly thirteen centuries 
(as 1 have said) after the death of Galen ; and was at first 
kr|5ely concerned with refutations of that somewhat imaginative 
writer. The original observations of the new era began with 
those of the great Italian anatomists, Vesalius, Eustachius, 
Flsl]o|>ius, and Fabricius, who reconstructed the science in 
the Sixteenth century. Harvey published his demonstration 
of the circulation of the blood in 1628 ; and the microscope, 
^ telescope of biology and medicine, began to be used 
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by Kircher, Hooke, Swammerdam, van Leeuvenhoek, and 
Malpighi shortly afterwards. In the latter half of the same 
century (the seventeenth) Redi disproved “ spontaneous 
generation.” Towards the end of the eighteenth century 
Jenner's great discovery of vaccination opened the study of 
immunity against disease ; and in the nineteenth century 
Lister, Pasteur, and Koch, created bacteriology, Kttchenmeister, 
Leuckart, and Laveran developed parasitology, and rapid 
advances were made in every branch of medicine. 

I do not repeat these familiar facts for the mere pleasure 
of doing so — ^though I know of no greater pleasure than that 
given by the enumeration and description of the great triumphs 
of the human intellect : I wish to discuss the ” natural history ” 
of these discoveries. In Dr. Garrison's book the names of 
the men who made the leading advances in medicine are 
entered in black*letter, and on counting them we shall obtain 
the following results. During the century and a half from 
A.D. 1450 to 1600 there are 46 names ; during the seventeenth 
century there are 79 names ; during the eighteenth century 
122 names ; and during the nineteenth 446 names. There are 
altogether nearly 700 names in the four and a half centuries 
from 1450 to 1900. Now, this is an “outside figure," because 
Dr. Garrison has been careful to mention every person who 
has added materially to medical knowledge during the period, 
though some of the names, such as Linnaeus and Darwin, are 
certainly famous for collateral rather than for medical work, 
and many others are the names of distinguished clinicians ; 
so that a few of the names should perhaps have been excluded 
from a strict list of “ discoverers " in medicine. Chi the other 
hand— especially for the nineteenth centuiy, before we have 
reached the perspective of distance — some investigators whose 
altitude is only now becoming apparent have pierhaps been 
omitted ; but these exceptions count against each other, and 
Dr. (^rrison's list is perhaps as accurate as ptossible under 
the circumstances. What conclusions can we draw from it ? 
During the same pieriod many thousands of millions of human 
beings have lived and died throughout the world ; and yet 
only about seven hundred of them altogether have added 
materially to medical knowledge. Secondly, nearly all of tiM»e 
seven hundred lived in the compiaratively small propiortim of 
the world's surface included within Italy, France, Britain, 
Holland, Belgium, Scandinavia, and Ckrmany. Thirdly, these 
men were only a small proportion even of all the medkid 
practitioners who had lived during the same poriod — thmu 
are more than thirty thousand medical pnactitioners in Gbwat 
Britain to-day ; but fourthly, txian^ of the most impoitant 
advances (such as those of Jenner, Lister, Koch, and Laveran) 
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were made by men who were “ private practitioners ” at the 
time. 

These facts are doubtless already familiar to you all ; but 
they provide much food for thought. The total number of 
medical '* discoverers ” is probably less than the numbers, let us 
say, of poets, artists, or musicians of the same period, or of 
mathematicians or physicists ; and much less than the numbers 
of politicians, generals, or kings living in all countries at the 
same time — not to mention the philosophers, who are always 
very numerous. The proportion of medical discoverers in 
Dr. Garrison’s list to the total population of the world is prob- 
ably nearer to one in ten millions than to one in a million 
as previously conjectured in this paper ; and the proportion 
of them to ail medical men is probably something like one 
in a thousand. 

But this gives rather a false estimate of the real work which 
is being done in medicine — ^to-day, at least. If we count only 
the generals of an army that army will be but a small one. 
Actually an immense amount of work is being turned out 
daily by the rank and file — ^though medical history can take 
cognisance only of the leaders ; and we have but to read our 
copious contemporary medical press to convince ourselves of 
this fact. A very large proportion of the medical profession 
of to-day add something, however small, to the store — con- 
tribute their mite to the mass of knowledge, lay a brick or two 
to build the magnificent palace of science. We are apt to 
overlook this constant but almost inappreciable accretion. 
There are no strikes in the building trade of science 1 Day after 
day, year after year, the structure grows before our eyes. The 
men whose names appear in the medical anthologies are those 
who dug the foundations, or perhaps those who have completed 
the towers and the pinnacles ; but it is the thousands engaged 
in treating the sick who have actually raised the walls of that 
august temple. 

I remember that before the war several of our colonies laid 
it down among the duties of their medical officers that they 
should “ engage in research.” What an easy rule to make I 
The popular notion is that a man has only to glance through 
a microscope in order to find something new. A friend of mine 
once said that the world looks upon any doctor as a person 
who, on returning home after a hard day's work, pulls out his 
watch and exclaims, " Ah I I have half an hour to spare before 
dinner. 1 will just step down to my laboratory and make a 
discovery.” As a matter of fact it is impossible for most busy 
pn^itioners to indulge in such a time-wasting and often 
itttitless or nerve-wrackii^ pursuit as deliberate, meticulous, 
and exigent investigation. What many of them really do, 
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however, is to collect an enormous mass of observations on the 
symptomatology, the pathology, and the treatment of diseases ; 
and it is on this basis that the most important advices are 
made by subsequent diligent laboratory-work or bmin-work. 
After all, the brain is the best and last laboratory. Observa- 
tion is essential but, by itself, is not enough : we have to 
co-ordinate observations. The ultimate object of science is not 
merely to make and to record observations, but to classify them 
in groups, and then to show that one group of them depends 
upon another group— that is, to solve problems. Thus many 
astronomers collected data about the distances and the 
movements of the heavenly bodies j but it was Kepler who 
showed that all the planets move in similar elliptic orbits ; and 
it was Newton who explained this fact by his law of gravitation. 
For another example, many surgeons had studied, described, 
and despaired over septic wounds ; but it was your great fellow- 
townsman Lister who discovered how septic wounds were 
caused and could be prevented. Long before Jenner, milkmaids 
and farm-hands believed that if they acquired cowpox they 
would not acquire smallpox ; but it was Edward Jenner who 
co-ordinated such statements, tested them experimentally, and 
created vaccination.^ Science requires not only observation 
but proof, and not only proof but explanation. Now, it is one 
thing to make observations, but quite another thing — and 
usually a much more laborious process — ^to verify them and to 
explain them. 

It is a very common fault, especially with medical writers, 
to confuse conjecture with proof. Thus, even Oliver Wendell 
Holmes wrote in 1883 that — 

“ It (medicine) learned from a monk how to use antimony^ 
from a Jesuit how to cure agues, from a friar how to cut for 
stone, from a soldier how to treat gout, frOm a sailor how to 
keep off scurvy, from a postmaster how to sound the Eustachian 
tube, from a dairymaid how to prevent smallpox, and from an 
old market-woman how to catch the itch insect.” 

^s I most of these were merely conjectures. The proofs 
were obtained afterwards by the long-continued labours of 
medical men. Without such proofs — well, the conjectures 
would have remained only conjectures. Proof is as necessary 
in science as it is in the criminal courts. I have recently been 
studying cancer and have been told by half a dozen distinguished 
medical men exactly how it is caused. Unfortunately all their 
explanations were different. The man who proves how it is 

I It has been left to Italian publishers, R. Lier ft Co., 7 Via Brera, MttSa, 
to bring out a faadmile (125. 6<f. post fre^ of Jenner's great Inquiry inh iUts 
Cmuts and Efftcts of th$ Variolm Vaettina, London, 1798, in honour of Jeouwr's 
centenary last year. 
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caused w 0 be the discoverer — and a great one. Conjectures 
are useful only as clues for future trial. Unfortunately they 
are apt to be many and to lead in different directions. Some- 
times indeed they guide the research ; but more often they 
confuse and betray it. 

I said just now that discoverers in medicine are certainly 
not more numerous than those in the other sciences or arts. 
This again is a subject for surprise. After all, medical science 
concerns every living person somewhat closely ; it concerns the 
health and even the existence of the thousand and more million 
people now living. Prosperity, happiness, and even virtue are 
largely matters of personal health. Perhaps I might argue 
that medical matters are really more important to men than 
astronomy, physics, art, and even politics and philosophy. After 
all, what happens to the star Sirius is not so vital to me 
personally as what happens in my own digestive organs. You 
may call me a gross materialist or even a grosser utilitarian ; 
well, I confess that I am. And if ail men were the same they 
would suffer from less indigestion and other ills. To put it 
briefly, medical discovery is to us human beings even the most 
important of all kinds of discovery, as defined in this paper. 
Yet to judge from the public attention given to it, it is the 
least important. Men seem to pass it over as if it were of no 
consequence ; they hand it over in mass to the " doctors ” ; and 
they are good enough to subscribe almost no money to the 
pirosecution of it. The total fund now allotted for medical 
research in Britain consists of about ;£i 30,000 a year given to 
the Medical Research Council ; and something like (I cannot 
ascertain exactly) the sum of another £50,000 a year for pure 
medical research, as distinct from teaching, provides for the 
numerous research laboratories and institutions. The total would 
amount to about £180,000 a year, if I am not far wrong. What 
a gigantic sum this is — ^what a generous contribution from this 
wealthy state to the science which is concerned with the life 
and health of all the p)eople 1 Think of it, £180,000 a year I 
That is to say, one p)enny p)er annum given by each living 
pmon in Scotland, England, and Wales. What generosity 1 
Tor this gigantic p)enny every one hojpes to have his life pro- 
longed to at least the maximum of the three score years and 
ten laid down by the Psalmist. Think of it again ; during 
seventy years each i)erson will have given seventy pennies, 
that is, a total of 55. lod. for this cause. In the meantime 
every such person will have given many pounds to pwiy for 
his politicians, his army and navy, his local municipal afiairs, 
and his education. 

The truth is that the mass of the p)eople do not in the least 
tvax yet recognise the effect of medical discovery. I see from 

3 * 
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the Annual Report of the Medical Officer of Healih for the 
County of London for 1923 that in 1841 the average expectation 
of life for every individual in London was 34' 6 years among 
males and 38*3 years among females ; and, that this period 
was prolonged last year to 53' 8 years among males and 59*1 
years among females. This means that the average length 
of life has now been prolonged by twenty years, that is by 
more than half of what the average length of life used to be 
in 1840. Of course many factors have ^n concerned in this 
wonderful addition to life, but 1 think that one of the most 
potent factors has been the general increase of medical know- 
ledge during that period of eighty-three years. Now perhap 
if this fact can be violently rammed into the thick heaa of the 
general public, it might produce some effect upon the tightly 
drawn purse-strings of the same. If the public some day 
acquires sufficient sense, it will largely increase its contribution 
for medical science. I think that we doctors could easily arrange 
to spend on medical research a sum of not only ;£2oo,ooo a 
year as at present, but of quite £1,000,000 a year ; and, what 
is more, the general public would really benefit by the ex- 
penditure — ^which is probably not the case if public expendi- 
ture were to be correspondingly increased in many other lines, 
such as politics or even education. I am glad to say that many 
more rich persons are now beginning to bequeath considerable 
sums for medical research ; they will be wise to do so more 
frequently still. I have no doubt that homes for paupers and 
cats, and that scholarships for young men and women who 
hope to make discoveries some day, if they have the Inxins 
for it, are laudable objects of bequests ; but I think that 
bequests and donations on other lines for research in medical 
ana other sciences are likely to produce much greater results 
as regards the welfare of the whole population. I say so 
perhaps with some ulterior motive, because a number of friends 
of mine are now organising a medical research institute for 
myself to work in : they are receiving a very gratifying 
response from numbers of private persons, from business 
houses connected with the tropics, and even from British 
possessions abroad ; and we can deal with every penny that we 
can get. But I am not ashamed of saying this. Let all of us 
doctors invariably follow the example of Oliver Twist and 
ask for more for this great cause. After all, the donors of 
the money are likely to receive most of the benefit. I see 
no reason why the average expectation of life should not be 
prolonged from 59*1 years to the 70 years of the Psahnist. 
More than that, I am by no means convinced that it cannot 
be prolonged still further. Metchnikoff suggested 1 50 years of 
life. Unfortunately, he himself did not attain to it. But we 
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may live in hopes. I have often wondered what would be 
the leng^ of life of an individual kept entirely free from 
pathogenic organisms and certain deleterious foods and drinks 
(some of which have already been debarred in the United 
States, though not in Scotland). An American wrote to me 
recently arguing that under such circumstances human life in 
the world might be eternal. But I am not siu-e ; perhaps the 
process of somatic cell-proliferation must end at some time. 
We do not yet know ; nor do we know why elephants, parrots, 
and tortoises live for more than a century, while horses and 
dogs die before twenty. This, too, is a very great subject for 
research. 

It is true, I think, that medical discovery does not require 
the supreme intellectual ability which is needed for astronomy, 
physics, and mathematics. Archimedes, Descartes, Newton, 
Laplace, Clerk-Maxwell, Kelvin, and the modern l^lativists 
possessed or possess, I believe, a more intense intellectual fire 
than the moderate heat needed for medical, and indeed for 
any biological studies. The reason for this is that, at least 
up to the present, biology requires observation rather than 
calculation — it has more to do with the collection of facts than 
with exact measurements and induced predictions. But it is 
a mistake to suppose, as is often done, that anyone and everyone 
can equally easily achieve biological and medical discovery. 
True, many important medical discoveries seem to have been 
made simply by good luck ; but we are apt to forget the earlier 
years of toil and disappointment which generally preceded, 
and were only finally crowned by, that good luck. Now, 
anyone can have good luck or bad luck ; but not everyone 
is wiUing to face the previous years of effort. The huge nuggets 
and the great diamonds of all discovery generally lie deep 
down in the earth : and those who find them must generally 
dig deep, far, and long for them. That is just the point. We 
have to-day numerous scholarships which provide numerous 
young people with their first opportunities ; but one by one 
the venturers tend to drop out of the competition. Medical 
discovery, like all discovery, requires two rather rare qualities — 
an acute instinct for the right direction, and a burning per- 
severance in following it up. Now, in my opinion these quahties 
are |»ssessed only by a few individuals ; and — what is more — 
it is impossible to know whether any individual really possesses 
them until he has actually succeeded in his quest. We cannot 
isolate and detect the future discoverer by any known <][uaUties 
-^9^ his success in examinations, by the height of his brow, 
or % the cut of his collars. For these reasons I have always 
airgitted that the best way to encourage discoveries in the future 
is to keep at work, by whatever means you can, the few men 
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who have actually achieved discoveries in the past ; and this 
is by no means always done, at least in Britain, at Present. 

Though medicine has advanced very far since the Renais> 
sance, yet it must go still further before the milljennium is 
reached. Many great problems remain to be solved. For 
example, it is amazing that, though 130 years have elajpsed 
since Jenner proved that the smallpox virus is contained in a 
minute drop of vaccine, the organism of smallpox has not yet 
been certainly discovered. Dr. David Thomson, a distii^uished 
alumnus of Edinburgh University, now Director of the ftckett- 
Thomson Laboratory in London, has recently published in the 
new annals of that laboratory (St. Paul’s Hospital, Endell Street, 
London, W.C.a) a very careful analysis of the past researches 
on the viruses of smallpox, measles, and scarlet fever. Causa- 
tive agents have been often described, nevertheless the matter 
has scarcely emerged from the conjectural stage ; and it is 
astonishing that a subject of such importance as the causes of 
zymotic diseases has not yet been completely cleared up. Instead 
of attacking the subject because of its difficulty, investigators 
seem to have shunned it for that very reason ; and yet the 
country continues to pay vast sums for the prevention or treat- 
ment of these maladies. Just similarly, the country has to 
pay millions of pounds on account of the foot-and-mouth 
disease in cattle, chiefly because, I think, it refuses to pay small 
sums for the proper investi^tion of the disease. Those who rule 
us never seem to gather wisdom in this respect. They like to 
leave all such investigations to be carried out by doctors at their 
own expense.^ For example, the solution of the malaria problem 
cost the Indian Government a sum of no less than £240 in 
the years 189S-99 ; and all the recent advances on tropical 
medicine — advances which were probably greater than those 
in any other branch of medicine in the same period— cost the 
world’s governments somewhat similar sums. We doctors and 
other men of science may congratulate ourselves on one point, 
namely, that almost the whole of medical discovery has been 
made by ourselves, without help from anyone and at our own 
expense. Let us boast about it and blow our own trumMts— 
because no one seems willing to do so for us, and mucm less 
to pay us for our work I The cancer problem is being cleared 
of many of its surrounding difl^ulties, but it still remains 
impregnable. Advance is not as quick in mai^ lines where 
we expected triumphant issues years ago. For example, 
hook-worm disease can be easily cured in the patient, bqt by 
no means so easily in the community. Tliough Leish^n jana 
Donovan found the caiise of kala-azar twenty years ago we 
have failed to ascertain how it is carried ; and 1 could spend 
an hour in discussing the victories which we have failed to 
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make, just as 1 have already .spent an hour in discussing some 
of those >yhich we have made. 

It is time now to finish ; but before doing so I must reiterate 
my principal conclusion : that the world will be wise to spend 
much more money than it is now doing in order to %ht diseases 
of all kinds by investigating how they may be fought. This 
is the first desideratum. Medical organisation, medical educa- 
tion, medical literature, are secondary ; but we as a nation 
have not even yet quite understood this. Scotland in general, 
and the Royal Medical Society of Edinburgh in particular, 
have done " their bit,” and perhaps more, in this old war for 
humanity ; and I can only hope that as the eyes of the public 
become more and more opened to the importance of medical 
discovery, you will be given larger and larger opportunities to 
continue the great work. 



POPULAR SCIENCE 


THE CAUSE OF OUR "ICE AGE” 

I. Bv ROBERT CLUCAS 
Livirpod 

Although it is well known that a primitive warm congenial 
period of vast duration has prevailed upon our Globe, caused 
by a former moderate warmth of its crust, surface waters, 
and surrounding atmosphere, counteracting any baneful effect 
of our axial inclination by delaying the advent of frost and 
snow, as numerous remains of extinct but former dominant 
warmth-loving life-forms fully establish, yet numerous fossils 
of warmth-loving life-forms found intermingled with glacial 
remains, and also many alien surface boulders still resting as 
formerly deposited, in precarious positions on previously worn 
glacial slides (as if mutely striving to preserve from oblivion 
the history of their past), furnish confirmatory evidence of 
many successive warm and glacial periods, the cause of which, 
notwithstanding all previous research, has remained a Great 
Enigma." 

Why should the cause of our " Ice Age ” remain a great 
enigma ? The laws governing gravity and motion have long 
been discovered, and applied to explain satisfactorily the 
cause and effect of many previously considered mysterious 
planetary motions, and this knowledge is still placed freely in 
our hands, to fulfil its lawful purpose in unmasking the cause 
and effect of any real or apparent mysterious motion of our 
globe ; therefore, it is to these laws only that we will appeal. 

The theoretical unvarying orbital inclination of our axis, 
demanding several unaccountable long alternating glacial ana 
tropical periods, has too long held sway, and remained prac- 
tically unchallenged, although frequently questioned. Many 
eminent scientists have been influenced by these interminglea 
glacial and tropical remains to consider the probable occurrence 
of fonner concurrent arctic winters and tropical summers, 
although fully realising that this would render the theoretkal 
unvarying orbital inclination of our axis incorrect. TherefbWi 
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whilst a foirmer warm congenial period of vast duration j suc- 
ceeded byiiecurring glacial and warm periods of uncertain number 
and duratmn are well established, also the strange comparatively 
rapid extinction of former dominant warmth-loving life-forms, 
and mysterious ice-conveyance of our huge alien surface boulders 
from distant places to alien soil fully proved, the mystery of 
how natural forces have formerly operated still exists. As 
the laws of gravity and motion during the infancy of our 
Cosmos have caused, and still maintain, the mechanical motions 
of our globe governing our present seasons, it is obvious that 
the operation of these laws has also played a leading part 
in governing our former seasons. It will therefore be un- 
disputed if it can be shown these laws are creating a continually 
more vertical orbital inclination of our axis, that our present 
seasons are becoming less variable, also that our former 
seasons have been correspondingly more varied. 

It is the purpose of this article not only to show that 
during past ages the laws of gravity and motion have not 
mamtained an unvarying orbital inclination of our axis, but 
also how, on the contrary, they have directly operated upon 
it, and are so operating at present, in actually forcing it in a 
slow swirl retrograde to its orbital motion towards a more 
vertical inclination to its orbital plane ; exactly as all former 
records fully confirm, and present observations plainly indicate, 
in the similar retrograde swirl and gradual approach of the 
“ pole of the heavens ’’ around and towards the “ pole of the 
ecliptic." Therefore, before describing how the laws of gravity 
and motion cause this peculiar motion of our globe, it will 
be necessary to examine the premises of a few generally accepted 
very important theories. We will first, by casting aside all 
mental bias from preconceived ideas, impartially reconsider the 
remarkable theory that the slow, angular, swirling motion of 
our axis, expressed in “ the precession of the equinoxes," is due 
to the same principle governing the peculiar slow, angular 
swirl iOf a peg-top commonly observed when it is slowing down 
in rotation. This principle is said to operate in some obscure 
manzier, through " the gravitational attraction of the sun 
and moon on the protuberance of matter around the Earth’s 
equa^r " ; it is evident that if our globe were a perfect sphere 
this ^tion could not occur. 

Btit how these forces operate is by no means made clear. 
That^the slow axial swirl of our globe is dominated by the 
aamcnr principle governing the slow axial swirl of the peg-top 
does .(not bear close inspection, and quite fails in two vital 
pxrtj^larB, namely, that whereas both the slow axial swirl 
mid fapid sjiin of the top are each in the same direction, both 
^ idow axial swirl and rapid spin of the earth are each in 
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contrary directions. We know why the decreasing rotation 
of the top is necessarily accompanied by a slow ai^l swirl in 
the same direction as its rotation, yet, although our rotation is 
surely slightly decreasing, there is no slow axial snrirl in the 
same direction as our orbital motion, but exactly the reverse. 

As the forces operating around the circumference of the 
top, if so Derating around our equator, could not make an 
exception with the Earth and produce an entirely opposite 
effect, the slow retrograde swirl of our axis must be due to 
other forces ; which forces we will presently endeavour to 
show are quite uninfluenced by “ the protuberance of matter 
around the Earth’s equator,” but are powerfully operating 
directly upon our axis throughout its entire length, consequently 
even if our globe was a perfect sphere, the retrograde swirl of 
our axis would not cease, but, on the contrary, the accompany- 
ing increased axial length would necessarily cause its retro- 
grade swirl to be proportionately accelerated. The theoretical 
unvarying orbital inclination of our axis is responsible for a 
further theoretical variation in the *' plane of the ecliptic ” 
(caused by mutual planetary attractions) equal to the relative 
decreasing distance of the “ pole of the heavens ” to the ” pole 
of the ecliptic." If a model sphere, representing our globe, 
is made to rotate rapidly in gimbals suitably mounted on the 
margin of a flat plane — representing the " ecliptic ” — ^the axis 
will maintain its original inclination to a line projected vertically 
from that plane to represent the ” pole of the eclip)tic,” quite 
uninfluenced by any subsequent varying inclination of the 
plane. So that, even if any variation in the " plane of the 
ecliptic ” is occurring, that it could have any influence against 
the powerful gyroscopic force of our rotation to alter our 
relative axial direction from any fixed ^int in the heavens is 
contrary to the most elementary laws of motion. A^in, if 

S lanetary attractions are causing, as suggested by Laplace 
i7ho was largely responsible for the theory of the unvarying 
inclination of our axis), a variation in the ” plane of the ecliptic,” 
why has not the ” prepionderant moment of Jupiter ” long ago 
overcome weaker planetary attractions by forcing us to revolve 
in an orbital plane inclined similarly to his own ? 

The inclination of Mercury's orbital plane to the ” ecliptic ” 
is given as 7® ; Venus, 3* 23' ; Mars, i" 51' ; Jupiter, i" 19' ; 
Saturn, a® 9 ' ; Uranus, very slight ; and Neptune, 1® 4 /. Is 
it not strange, if any real variation of inclination in the plane 
of the “ ecliptic ” is occurring, that these relative planetary 
orbital inclinations have not been observed to change ? Does 
not this prove that any varying inclination of our own orfaital 
plane must also be quite negligible ? thereby confirmina the 
only alternative, namely, the actual varying inclination ol our 
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equator, as sy plainly indicated for thousands of years both in 
the sun's (^creasing angular range north and south of the 
equator ano equivalent decreasing inclination of the " pole 
of the heavens ** to (any fixed point in the heavens there or 
thereabouts) the “ pole of the ecliptic.” 

It is, of course, well known that our fellow>planets slightly 
vary the ellipticity of their orbits during each opposition, but 
it must be remembered this is entirely due to the fact of their 
common revolution around the same centre of gravity in nearly 
similar orbital planes ; thereby causing their mutual gravita- 
tional attractions during oppositions to easily either assist or 
counteract the central attraction of the sun, without affecting 
the powerful centrifugal motion of each planet which continually 
maintains them in their original orbital planes. So that whilst 
Jupiter^ Mars, the Earth, Venus, and other planets during 
opposition slightly vary the ellipticity of their orbits, they still 
maintain their relative orbital inclinations. 

The decreasing inclination of the ” pole of the heavens ” 
to the “ pole of the ecliptic ” is proved, and admitted to have 
been continual from the earliest records, which extend well 
over the past 3,000 years, whilst the rate of this decreasing 
inclination is known to have varied from a former 48 seconds 
per century to its present rate of 46^ seconds per century, and 
It is confinned that this rate is still decreasing. Laplace has 
stated ” the greatest extent to which the ' plane of the ecliptic ’ 
could vary is i* 40', on either side of the ‘ invariable plane.’ ” 
Flammarion states ” the variation of this movement cannot 
exceed 2® 37'.” Herschel states " the ‘ invariable plane ’ is 
constant at 23® 28'.” It is, therefore, clear that since Laplace, 
through sharing the general deep-rooted belief in the unvarying 
orbital inclination of our axis, was forced to accept the only 
alternative (when asked to explain the sun’s decreasing angular 
nin^e north and south of the equator), namely, a decreasing 
inclination in the ” plane of the ecliptic,” that a theoretical 
” diminution in the obliquity of the ecliptic ” has, with all its 
imperfections, even up to the present held sway. But even 
should it be contended that a variation in the ” plane of the 
eclipt^ ” may be occurring, this could not, as previously 
explahied, cause any variation in the direction of our axis, 
much less make that direction vary equal to its own. 

We have now endeavoured to show by the evidence these 
theories themselves contain, quite apart from and before 
explaining the cause of our axial motion, that the gradual 
decreasing inclination of our equator to the ecliptic and corre- 
spondingly decreasing axial inclination to the ” pole of the 
ewptic ” can only be explained by a definite motion of our 
gboe, which accounts penectly not only for the sun's angular 
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decreasing range north and south of the equatoi;. but also for 
the gradual approach of the “ pole of the heav^ " towards 
the pole of the ecliptic. This indicates clearly a former increased 
axial inclination, which, in proportion to a formei decreasing 
warmth of our crust, has gradually caused colder winters, 
responsible for the extinction of many former dominaint warmth- 
loving life-forms, and has finally created severe wiinters with 
their vast accumulations of snow and ice, causing, on the 
approach of correspondingly hot summers, not Only severe 
glaciation, but stupendous spring floods bearing their boulder 
cargoes over temporarily submerged land to alien soil in the 
melting equatorwards flowing ice-packs of the past. It now 
remains to explain how the kws of gravity and motion have 
operated, and are at present operating, in causing this to all 
living creatures vital motion of our axis. 

Newton has shown that the laws of gravitation act and 
react upon planetary bodies from their centres of gravity. 
The laws of motion impart to all travelling bodies a momentum 
of one pound per foot per second, which momentary force is, 
of course, only fully realised when the motion is cmnpletely 
resisted. Now it must not be forgotten, but unfailingly 
remembered, that when a motion is t^ing partially resisted a 
corresponding momentum is thereby imparted, also that when 
a motion is being accelerated an equivalent resistance is 
encountered. If our Globe, whilst revolving annually round 
the central attraction (the sun) had its axis perpendicular to 
its orbital plane (the “ ecliptic ”), the axis would have nothing 
to interfere with the gyroscopic power maintaining its vertical 
position even if that power could be greatly decreased by a 
slow rotation^ because our axis throughout its entire; length 
would, of course, be revolving at the same distance and velocity 
as its centre of gravity round the sun. But if at our {nresent 
axial inclination our daily rotation were very slow, the gyro- 
scopic j^wer of our rotation, which alone maintains our axial 
inclination, would be proportionately weaker, and the physical 
effort of our axis, throughout its entire length, to revolve at a 
constant velocity relative to its centre of gravity around the 
sim, would rapidly force our axis to a vertical inclination to 
its orbital plane, and it is the natural effort of our axis to attain 
this vertical equilibrium that is expressed in the slow-retrorode 
swirl and very much slower approach of the “ pole tn the 
heavens " around and towards the " pole of the ecliptic.” The 
powerful gyroscopic effect imparted by our rotation is* thus 
combated by the superior forces of momentum and resistance 
actually bom from and in proportion to our axial inclizaition. 
If the gyroscopic influence of our rotation was entirely silcoess- 
ful, any retrograde swirl or varied orbital inclination of our 
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axis could not occur, but by the Poles, both north and south, 
befng forced^ to travel in proportion to oiur axial inclination at 
continually , varying distances relative to the axial centre 
either towfrds or from the sun, forces of momentum and 
resistance equal to their continually varying relative orbital 
velocities are respectively exerted in opposing directions to 
each other tangent to our orbital course at either end of our 
axis. 

A fair estimate of these powerful natural forces continually 
exerted upon our axis may be obtained in the following manner. 
Either extremity of our axis, north or south, in travelling 
from midsummer to midwinter is forced to describe an increasing 
sweep relative to its axial centre (from the sun), so that, on 
reaching midwinter, it has been forced outwards from its 
previous inner relative midsummer position to the axial centre 
more than 3,000 miles, which gives a polar velocity relative 
to the axial centre (from the sun) of over one foot per second, 
which meets with a resistance of over one " foot-pound " ; 
the opposite axial extremity meanwhile travelling from mid- 
winter to midsummer, necessarily advances (towards the sun) 
relative to the axial centre more than 3,000 miles, which gives 
a polar velocity relative to the axial centre (towards the sun) 
of over one foot per second, thereby creating a momentum of 
over one “ foot-pound.” The powerful gyroscopic influence 
imparted by our rotation is thus combated by the superior 
forces of momentum and resistance which are, of course, 
exited at their maximum power at each extreme end of our 
axis, tangent to its orbital course and in opposite directions to 
each other during the entire year. As either Pole departs 
from midsummer and our axis becomes more tangent to its 
orbital course, so the force of resistance is exerted more against 
its inclination, gradually reaching a maximum strength directly 
against its inclination when tangent to its orbital course in 
midautumn, and then gradually decreasing as it becomes less 
tangent to its orbital course towards midwinter. The opposite 
Potei meanwhile advancing from midwinter, causes the force 
of nramentum, which is exerted in the same direction as our 
orbital motion, to reach gradually its maximum strength 
directly against our axial inclination when the axis is tangent 
to its orbital course in midspring, and then to decrease gradually 
M it becomes less tangent to its orbital course towards mid- 
suntmer. 

It is evident that, by reason of our axis being tangent to 
itsorbital course in midspring and midautumn, these powerful 
natural forces of resistance and momentum are then exerted 
at their maximum strength in forcing it towards a vertical 
isoliliatm to its orbital plane. But these forces of resistance 



484 SCIENCE PROGRESS 

and momentum also cause the swirling retrogra^i^ motion of 
our axis. As either Pole, north or south, depart!^ from mid> 
autumn to midwinter is subject to resistance exerbsd tangent 
to, and against its orbital motion, so the opposite Pole mean- 
while advancing from midspring to midsummer is iubject to 
momentum exerted tangent to, and in the same direction as, 
its orbital motion. 

During this journey, our axis, which gradually becomes 
more diametrical to its orbital course, is therefore subject to 
these gradually increasing powerful side-thrusts, exerted in 
opposite directions to each other and tangent to its orbital 
course (attaining their maximum power in midwinter and 
midsummer), thereby causing our axis to swirl in a retrograde 
direction to its orbital motion. But, as either Pole passes 
midwinter and advances to midspring, the previous resistance 
against its orbital motion is suddenly replaced by a powerful 
momentum exerted in the same direction as its orbital motion, 
whilst the opposite Pole meanwhile passing midsummer and 
departing to midautumn, the previous momentum in the same 
direction as its orbital motion is suddenly replaced by a ^werful 
resistance exerted against its orbital motion. Duimg this 
journey the extremities of our axis are thus subject to these 
reactionary side-thrusts (exerted in opposite direction to each 
other tangent to its orbital course) ^dually decreasing in 
power as our axis becomes less diametrical to its orbital course 
towards midspring and midautumn. As our axis during this 
portion of its journey is subject to these reactionary forces, 
why do they not cause a reactionary right swirl from midwinter 
to midspring and midsummer to midautumn, equal to its 
retrograde swirl from autumn to winter and spring to summer, 
and so prevent any accumulated swirl either in a right or 
retrograde direction ? 

That the retrograde forces have the mastery is plainly 
revealed in the " precession of the equinoxes,” and the reason 
why these forces predominate is clear, if we again, but more 
in detail, consider the conditions to which our axis is subject 
during one revolution of its orbit. As our axis is tangent to 
its orbital course in midautumn and midspring, the forces of 
momentum and resbtance do not at these periods exert smy 
side-thrust on our axis one way or the other, but are then 
obviously, as previously stated, at their maximum strength 
in forcing it towards an upright position. But as either Foie 
respectively journeys from midspring to midsummer and mid- 
autumn to midwinter (by reason of our axis becoming Bum 
diametrical to its orbital course) proportionately powerfid 
side-thrusts causing an increasing retrograde swirl comes 
gradually into play, attaining their maximum power in 
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summer ftnd midwinter, and although, after our axis has 
p^sed this diametrical position, the reactionary forces from 
midwinter to midspring and midsummer to midautumn are 
immediately brought into play, yet the momentum of the 
retrograde swirl (attaining its maximum power in midwinter 
and midsummer) requires time to be arrested before any 
reactionary right swirl can commence, and it is in consequence 
of these periods of arrest, after passing every midwinter and 
midsummer, that the supremacy of the forces causing the 
approximate slow retrograde swirling motion of our axis is 
obtained. The gyroscopic power imparted by the radial 
velocity at our equator is, of course, enormous, yet it must 
be remembered as we approach either Pole this power gradually 
decreases equal to the decreasing radial velocity, until at last 
a central mass surrounding our axis, forming as it were a huge 
axial core, has a slow radial velocity imparting very little 
or no gyroscopic power whatever, and it is by reason of this 
“ huge axial core ’’ throughout its entire length, being forced 
to travel in proportion to its orbital inclination at varying 
orbital velocities relative to its centre of gravity, that corre- 
spondingly powerful forces of momentum and resistance have 
respectively from the infancy of our globe been exerted in 
op^sing directions tangent to our orbital course at opposite 
ends of our axis, causing a slow swirl-retrograde to its orbital 
motion and gradual more vertical inclination to its orbital 
plane, exactly as plainly indicated not only in the long-observed 
gradually decreasing inclinations of the “ pole of the heavens ” 
to the “ pole of the ecliptic,” and the equivalent decreasing 
angular range of the sun north and south of the equator, but 
also in the various glacial and tropical remains (found so 
plentifully in our present temperate and arctic rones), many 
of which by their remarkable preservation are at present true 
natural witnesses, actually revealing the history of their 
environment when formidable climatic and terrestrial forces 
were deciding their destiny during the highly variable seasons 
composing our “ Ice Age ” of the past. 

We have now shown as briefly as possible that, just as an 
excessive axial inclination was during and subsequent to the 
departing warmth of our crust the natural cause of our ”_Ice 
A^,” therefore vast alternating glacial and tropical periods 
have not occurred, but that our present temperate and arctic 
zones, whilst still enjoying tropical summers, have also endured 
a long period of increasingly colder winters, finally developing 
into a vast period of concurrent arctic winters and tropiral 
summers, which with their accompanying severe annual glacial 
conditions have subsequently, in proportion to our decreasing 
axial inclination, gradually decreased in range. Also as the 
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laws of gravity and motion are still forcing our axis, and 
must continue to force it at an ever-increasingly slower rate, 
towards an upright position to its orbital plane, so tiae present 
range of our “ Ice Belt " is continuing to decrease and, therefore, 
proportionately less variable seasons must in futiae prevail 
upon our globe. 


II. By W. M. H. GREAVBS, M.A. 

Royal Observatory, Greenwich 

Mr. Clucas attempts to attribute the " Ice Age ” to a larger 
obliquity of the ecliptic than exists at present. He considers 
that the obliquity of the ecliptic is steadily diminishing, and 
that such diminution is progressive — ^that is to say, it is always 
in the same direction. There is, of course, a well-known 
change in the obliquity owing to the planetary precession, but 
it is perfectly well established that the “ secular ’* change 
arising from this cause is made up of a number of periodic 
terms of long period, and, as a matter of fact, it has been 
shown that the total range in obliquity thus produced amounts 
to some two or three degrees. Mr. Clucas, however, rejects 
the accepted theory of planetary perturbation in dealing with 
the observed variation of obliquity. He is evidently ignorant 
of the mathematical theory of ^rturbations, and his argument, 
such as it is, is almost impossible to follow. He, however, 
mentions, among other things, the obliquities of the orbits of 
the major planets and asks : “ Is it not strange, if any real 
variation of inclination in the plane of the ecliptic is occurring, 
that these relative planetary orbital inclinations have not 
been observed to change ? Does not this prove that any 
varying inclination of our own orbital plane must also be quite 
negligible ? ” I am afraid that Mr. Clucas 's statements are in 
error. As a matter of fact, it is well known that the obliquities 
of the orbits of the planets do change, and the observed rate 
of change is perfectly accordant with the values deduced 
from the theory of their perturbations. 

Mr. Clucas attempts to give in general terms a mechanical 
explanation of his alleged steady diminution of the obliquity 
of the ecliptic. He confines his attention to the earth's $xis 
and ignores the equatorial protuberance. He rejects the 
accepted theory of precession, remarking : “ That the slow 
axial swirl of our globe is dominated by the same princq>le 
governing the slow axial swirl of the peg-top does not bimr 
inspection, and quite fails in two vital particulars, aam^y, 
that whereas both the slow axial swirl and rapid spin of the 
top are each in the same direction, both the slow axial swirl 
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and rapid spin of the earth are each in contrary directions, 
etc." Mr. Clucas apparently does not realise that in the 
case of a top the external forces exert a couple tending to 
drive the axis away from its vertical position, whereas in the 
case of the earth the external couple (which is due to the 
equatorial protuberance) tends to draw the axis towards the 
pole of the ecliptic and, consequently, there is retrograde pre- 
cession, Confining his attention to the axis, Mr, Clucas enters 
into an incomprehensible argument by means of which he 
thinks he has proved his case. 1 take it that Mr. Clucas for 
his purposes regards the earth as a material rod coincident 
with its axis. Such a procedure is absurd, in any case ; but, 
even if it were so, elementary dynamics show that there would 
be direct, precession and not retrograde precession, as is actually 
the case. Evidently Mr. Clucas has gone astray again some- 
where in his argument. The actual retrograde precession is 
of course due, as has been said, to the equatorial protuberance. 
Accepted dynamical theory also shows that in no case can 
gravitational forces alone produce an effect such as that alleged 
by Mr. Clucas, who, as has been stated, thinks that the obliquity 
of the ecliptic is diminishing, and will always continue to 
dimmish. 



NOTES 

Sir Hiloolm Waiioii (Sir B. Bom) 

In our previous issue we noted the recent honours given to Sir Mulcolm 
Watson for his great anti-malaria work in the Federated Malay States and 
elsewhere. On October 2, the Ross Institute for Research in Tropical Medi- 
cine (now being formed) gave him a congratulatory luncheon at the Hotel 
Belgravia, at which the following gentlemen were present: Lord Henry 
Cavendish-Bentinck, M.P. (Ross Institute), Sir West Ridgeway, General Sir 
William Leishman (D.G. Army Medical Department), General Sir David 
Bruce, Surgeon-Rear-Admiral Sir Percy Bassett-Smith (President Royal 
Society of Tropical Medicine), Sir William Simpson (Ross Institute), Sir 

J ames Cantlie, Sir Charles McLeod (Ross Institute), Eric Macfadyen, Esq., 
LP., Dr. Andrew Balfour (Director, London School of Hygiene and Topical 
Medicine), Dr. Morley Wenyon (Director, Wellcome Bureau), Dr. AldoCMtel- 
lani (Ross Institute), Dr. David Thomson (Director, Pickett-Thomson 
Laboratory), Dr. John Gordon Thomson (London School of Tropical Medicine), 
and ten otner gentlemen connected with tropical studies. Subsequently, 
Sir Malcolm has delivered a series of lectures on malaria at the Glasgow 
University ; and finally, on October 23, the eve of his return to the Federated 
Malay States, he read a paper before the Royal Society of Tropical Medicine, 
entitled, ** Observations on Malaria Control with Special Reference to the 
Assam Tea Gardens, and some Remarks on Mian Mir, Lahore Cantonment.*' 
This was really a very important meeting, which amounted to one of the 
great ** decisive battles of the world " — though perhaps few of the crowded 
audience quite realised the fact I Peace has its victories as well as war, 
and generally much more important ones. For more than a quarter of a 
century anti-malaria work by mosquito-reduction has been held up throu^- 
out India and largely throughout the world by a wholly gratuitous assump- 
tion, which was advanced long ago by a few good but mistaken observers, 
that mosquitoes could not be reduced. The importance of the question may 
be gauged from the fact that malaria causes a mortality which I estimate to 
be 2,000,000 annually in the world for a that is, a ^eater annual 

mortality than that caused by the war while it lasted. But the world finds 
it very difficult to understand these little matters, and this country in parti- 
cular has been about as stupid over the business as can be conceived. The 
French at Ismailia, the Americans at Havana, Dr. Balfour at Khartoum, 
Dr. Clarke at Hong-Kong. gave instances of successful mosquito-reduo^on 
on large or on small scales ; but our authorities remained quite above such 
proofs. The facts are that governments do not like to spend money on 
sanitation, and that we as a nation are much more given to politica, sport, ind 
novels than to any really useful work that does not put money into the 
pockets of the workers. At the meeting referred to Sir Malcolm finally 
demolished this fantastic hypothesis that the mosquito is too powerful fer 
the human race. Of course, in these days when agriculture undertakes 
great campaigns against insect pests of crops and trees, fanners rid tlufir 
cattle of ven^, a^ civilised men are themselves ceasing to be vemdnoui, 
campaigns against such pests as mosquitoes are not at all out of the usuil 
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cootie. But it has been difficult to drive this into the heads of onr mien, 
whether these be governors or municipalities. Years ago an alleged attempt 
was made at Mian Mir in India, with the support of the Government, 
to inveatigate the possibility of reducing mosquitoes. Sir Malcolm has 
recently visited the place, and he made some remarks on the subject. On 
the whole this address of his has been the Waterloo of the anti-antimosquito* 
ista. We can hardly venture to hope that they will never be heard of again, 
but do not think that we need trouble ourselves any longer about their 
opinions. Surely it is now time that all malarious tropicad countries 
should undertake antimosquito work upon a proper scale. The cost of 
znalaria is always far greater than the cost of malaria prevention, at least in 
towns ; and, after a quarter of a century, we should really begin to understand 
the vast practical bearing of the subject. 

August as a Holiday Month (The Rev. E. F. Robson, F.R.Met.Soo.) 

From the Weather Point of View 

Why is it that August is the general holiday month ? Why is it that the 
seaside resorts everywhere are crowded out in August, so that prices rule 
very high and those who have only very modest banking accounts are 
compelled either to curtail their holiday or to take it at another time of 
the year ? The reason obviously is this : that the schools are closed, 
childSren are no longer at work, and therefore August is the best month in 
the year for members of a family to be free to enjoy together the pleasures 
of a holiday either at the sea or in the country. This explains, without a 
doubt, the popularity of August as a holiday month — but, from a weather 
point of view, can it be regarded as a success ? Now this article is written 
after a careful study of each August since this century began, and also by 
one who, like many another, has invariably taken his holidays in the so-called 
holiday month, and whose experience has in consequence taught him what 
others might have been tempted to doubt, namely, that August is the most 
disappointing month from a holiday-maker's point of view, and the most 
invariably unsettled month, not only of the summer months, but of the whole 
twelve. In fact, in view of the Augusts of this present century, we can go 
as far as to say it has only once proved to be otherwise as far as the northern 
half of the United Kingdom is concerned ; in fact, this statement will be found 
to be endorsed by those who have kept a daily record of the weather th is 
century as far south as the Midlands of England. In Scotland — ^North Wales 
— Northern England — the seaside resorts of Lancashire and Cheshire — ^in 
Shropshire and Warwickshire and adjoining counties, August has maintained 
with remarkable consistency a character tor wet, unsettled weather which 
has not been attained by any other of the twelve months. In many districts 
and at many meteorological stations it is actually the wettest month in the 
amount of rainfall for the whole twelve months, and in all parts of the country, 
including the southern section of England, it is the wettest of all the summer 
months— a few isolated stations alone having a slightly heavier rainfall in 
July. Since 1900 the only really hne August was that of 191 x, and even in 
that year the opening week in the greater part of England produced remark- 
ably heavy rainfalls ; but the general character of that month, as of the 
whole summer, was fine, warm, and very pleasant. In 1921, of more recent 
memory, when great heat and drought were generally experienced, August, 
true to its character, was the most unsatisfactory and disappointing of all 
the summer months from the holiday-maker's point of view ; in fact, in many 
parts of the northern half of England, including the Central and Western 
Midlands, the rainfall was very excessive, and the general character of t^ 
weather imreUable, stormy, and at times very wet ; and even in the extreme 
smth of England it was the least hue and least sunny month since March of 
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that year, and leas fine than either September or October. In 19141 the 
memorable August of the opening of the Great War, there were some spells 
of fine weather, but in looking at the past records it could hardly be considered 
as a month of settled fine summer weather. Indeed, as has been suggested 
throughout this short article, it is rather the unvariable character of this 
month for unsettled weather, making it perhaps the one month in the 
year which one can rely upon as being unsettled and changeable, which is 
probably the most notable feature of it. One cannot find the su^lar con- 
sistent regularity for unsettled weather in any other of the twelve calendar 
months which one finds in August. Only one really fine August and one 
moderately fine one out of twenty-five years is not a bad record for reliability 
where the weather of the British Isles is concerned, October, which takes 
second place in some districts, and even first in others, in the matter of 
heaviest total rainfall is more variable than August, and as a matter of fact 
during the last five years three of the Octobers have been remarkably fine 
and diy, and even this year we have experienced a greater number of fine 
and pleasant days than we did in August. The same mark of variableness 
can be applied to all the other months of the year, August alone excepted. 
Of course, we are all acquainted with the St. Swithun story ; but, putting 
aside all superstition and bias on the one hand or the other, it does seem 
to point to this, that some great wave of atmospheric disturbance does take 
place somewhere between J uly 10-20, and that it does actually rule the weather 
for about six weeks. Even in the memorable year of 1921. when it seemed as 
if the great drought might remain unbroken, it was during this period that 
the weather began to assume a generally unsettled nature, particularly over 
the northern h^f of the British Isles, and even farther south it was felt to 
a certain degree, and from which it did not recover until the close of the 
month, to be followed by the brilliant September, when anticyclonic condi- 
tions reasserted themselves. Without labouring the point much further, 
one has only to remind the reader of the Lammas Floods of Scotland which 
are so recognised a feature of that country. Lammas Day — meaning Loaf 
Mass Day — the day of the Thanksgiving for the early wheat harvest, was 
originally observed on August i. The Prayer Book Calendar of the English 
Church still calls August 1 Lammas Day — though in the Church of Scotumd 
it is now kept on August 12, probably the latter date being in accordance 
with the earlier calendar. This, of course, strengthens the argument that 
August has for many years been regarded in Scotland as a period of much 
rain. In conclusion, one might add that, until the time comes when the date 
of the general school summer holidays is altered, which is much to be wished, it 
is idle to depend upon a spell of fine, warm, dry weather in August — generally 
the most disappointing and unsettled of all the months of the summer. 
It is only a matter of mere chance, such as has only occurred once in the past 
twenty-five years, that the holiday-maker enjoys a spell of really fine, warm, 
settled conditions in this month. ** This is very bad weather for Augu^," 
said many a man to me in the depressing August which prevailed this year. 

No,'* 1 replied, " it is August being true to its character I '* 


Perhaps the best abstract of our present knowledge of cancer which 
we have recently read is one by Mr. H. W. S. Wright, M.S., F.R.C.S., contained 
in the Cheiloo Papers (1924). which arc a “ Selection of Addresses delivered 
at Shantung Christian University, Tsinan, China/' It m a in ta i ns the seeming 
paradox that cancer is easily curable by surgery — if taken in time. There 
are four stages: (x) The pre-cancerous stage, in which there is generally 
(? always) some chronic local irritation ; (2) the early cancer stage^ befioce 
the neighbouring l3rmphatic glands become involved, during which stegei 
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the author thinks, 90 per cent, of the cases can be cured by surgery ; (3) the 
stage in which the neighbouring l^piph glands are involved — in wmch about 
30 per cent, of the cases are still curable by surgery ; and (4) the last and 
inoperable stage — in which 40 to 50 per cent, of all cases are found to be 
when they first seek medical advice. The author rightly urges ^at every- 
one over forty 3rears of age should be regularly examined t^ce a year for 
pre-cancerous or early cancerous conditions, just as they now go to the 
dentist for their teeth. X-rays and radium are valuable adjuvants at certahi 
stages. Few people in this country quite appreciate the fact that more 
than one in every ten of them is destined to die of this dreadful disease. 
Yet the British people contribute only about one penny per head per annum 
for medical research in all subjects, and only a fraction of this is devoted to 
cancer research. 

In favour of the medical as against the surgical treatment of cancer. 
Dr. John Harger has recently published a small book on Cancer : Its Causa- 
tion, Prevention and Cure (C. Timling, Liverpool, 1924), in which he supports 
the views of Drs. Robert Bell and L. Duncan Bulkley regarding treatment by 
diet and intestinal antisepsis. 

The Indian Medical Gazette for August 1924 has consulted several experi- 
enced practitioners in India regarding the frequency of cancer among the 
natives. Lieutenant-Colonel H. Halliday, M.B., I.M.S., says: “My 
experiences lead me to conclude that intestinal stasis is practically non- 
existent in the unsophisticated Indian ; that such surgical diseases as 
appendicitis, cholecystitis, gall-stones with their complications, gastric and 
duodenal ulcer are all but unknown ; and that finally amongst the class that 
I have described intestinal cancer is of even greater rarity. “ But he found 
appendicitis among Indians who have taken to European diets and customs ; 
and Major W. L. Harnett, M.B., F.R.C.S., I.M.S., states that cancers of the 
uterus and cervix are quite as common among Indian women as amongst 
European women, though cancer of the breast may not be so common. 
Captain Mukerji, F.R.C.S., I.M.S., however, does not quite agree. The 
question as to whether cancer occurs as frequently among vegetarian races, 
such as the Indians, Chinese, and Japanese, as it does among races who eat 
more meat should examined much more frequently and rigorously than 
It has been up to the present.^ 

The high experts on Cancer have not been at all kind to Mr. J. Ellis 
Barker's b^k called Cancer : How it is Caused and how it can be Prevented 
(John Murray, 1924) ; but we are very glad to welcome dissertations on 
medical subjects by men who are not medical men ; at least they bring firesh 
air into discussions. Mr. Barker's book shows the best of all qualities for 
scientific work, namely enthusiasm. Unfortunately enthusiasts must stand 
the racket ; they are always opposed ; they are sometimes annihilated ; but 
they generally live through it, and occasionally win the ultimate prize. Mr. 
Barker's hypothesis regarding cancer was that it is due principally to toxins 
generated in the intestinal tract. Many years ago Mr. H. C. Ross, of the 
Mcfadden Researches, not only enunciated the same hypothesis, but also 
showed that certain chemical substances which are commonly pr^uced by 
septic processes in the intestinal tract have the singular power of forcing 
leucoc^^es in a specimen of blood to divide under one's eyes. This suggested 
that cancer is caused by a process of overhealing. According to him, cancer 
starts in the healing of some local injury or lesion ; then, owing to the 
presence of too many of these chemical substances (which he called “ auxe- 
tics '*), the process of healing is overdone, and a tumour is gradually built up. 
The bigger the tumour becomes the more auxetics are produced, and the more 
the celM are forced to divide. This theory also led to considerate opposition^ 


* See also the Oqtober number of Scibncb Progress, p. 325, 
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but apparently to no actual diaproof. Blr. Barker's hypothesis seesos to 
be a part of it. Unfortunately, h3rpothese8 are only the beginnings of things, 
and science always looks lor the ends of things, namely proob, before she is 
satisfied. 

A Oorilla Saaotaary 

In The Times of September 5, 1924, Mr. J. G. Whiteley states that the 
Belgian Government is establisliwg a large tract of territory comprising an 
area of 250 square miles of high and healthy territory in the Kivu disriict 
of the Congo State, which is especially the gorilla country, for a sanctuary 
for all kinds of wild animals, including gorillas, and of plants. Provision 
has been made for a sufficient number of wardens to prevent the intrusion 
of hunters and the destruction of plants or trees. The area embraces the 
three volcanoes of Mounts Mikeno, Karissimbi, and Vissoke. Apparently 
scientists are to be allowed into the area, but they must be disarm^ ; and 
one wonders what they will do when they meet the first buck gorilla. The 
area is to be called Parc National Albert in honour of His Majesty King 
Albert, who has taken an active and personal interest in the project. 

In The Times for October 30 T. Alexander Bams writes that : As the 
result of our researches, we have quite established the fact that what we may 
call the Central African gorilla can no longer be considered as a rare animal. 
They are exceedingly numerous over a huge extent of country that takes in 
not only the mountain forests north-west of Tanganyika and west of the 
Kusisi Valley, but the greater part of the Iowa district west of Kivu as well, 
and probably extends right away to the east bank of the Upper Congo River, 
where a gorilla was shot as long ago as 1883. Then, again, they are to be found 
on the high mountains close to the west shore of Lake Kivu, besides those on the 
Birunga Volcanoes to the north-east of the lake. I am quite in agreement with 
the Belgian Government in making a sanctuary for these animals in the latter 
area, but entirely to forbid shooting them throughout the Eastern Congo is 
quite an unnecessary restriction. I will even go so far as to suggest that one 
or two gorillas be allowed to be shot on the 2,000 fr. (now advanced to 
3,000 fr.) licence already in force, which would induce many sportsmen to visit 
the country." 

In The Times of two days later, however. Dr. Drake Brockman objects 
altogether to the shooti^ of gorillas for sport, and most sportsmen of to*day 
will probably support him in this opinion. ^ page 539. 

Vaodnaflon (Kr JL Boss) 

There was an interesting discussion of smallpox, with special reference 
to diagnosis, at the last meeting of the British Medical Association (BriHsh 
Medicai Journal, August 23, 1924). Dr. W. McConnel Wanklyn of the London 
County Council opened it with a paper which dealt not only with the diagnosis 
of smallpox, but also with the prevalence of the disease and public vaccina- 
tion. He gave a table of deaths and cases in England and Wales, and also 
in London from 1841-X924. Smallpox cases in London during the nineteen 
years before 1904 totalled i5,8c> 4, while thoee during the idneteen yean 
subsequently totalled only 351, which improvemnit Im occurred in Sfiita 
of the fact that vaccination has considerably diminished during the same 
period. He attributes the improvement to what he call, team work in oon> 
nection with smallpox — that is. the early detection of cases by medical 
officers of health and their speedy remov^ to hospitals. This may be the 
case, but yean ago I ^ve another possiUe explanation based upon my 
maihe m at i ca l oonmderation of epidemics (PramtUm 0/ Malaria, snd edithm, 
Mumy), namely, that epidemic diseases are apt to xamidn very much at a 
constant level, depe n d i n g upon the number of susceptible persons, until 
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iiiis number increases greatly within a given area. If the increase is sufli* 
dent the epidemic flares up to large numbers. 1 called this phenomenon the 
Flare Phenomenon in epidemics. Though I wrote a good deal on the matter 
(see also a paper in the Proceedings of the Royal Society A, vol. xcii, 19x6 ; 
and vol. xciii, 1917). no notice whatever has been taken in this country of 
my equations, although some of them have been discussed and elaborated 
in America (but not in connection with smallpox). 

In the discussion referred to. however, there was an admirable contribu- 
tion by Dr. R. P. Garrow, who showed pretty clearly that nearly all the 
recent smallpox in Derbyshire was “ Alastrim.'' We now appear to recognise 
three varieties of this disease, namely (i) true virulent smallpox, (2) alastrim, 
(3) chickenpox. The first is generally known as Asiatic or European 
smallpox, the second as American smallpox, and the third is, of course, 
familiar everywhere and is also a very mild similar disease. I have always 
thought that these three forms are possibly due to three species of some 
organism. For example, the three species of malaria vary similarly as 
regards malignancy — most of the fatal cases being due to malignant tertian, 
while the mild tertian and the quartan are not so dangerous — yet these three 
species of malaria are caused by parasites which are closely allied. Though 
more than a century has passed since Jenner proved that the causative 
organism of smallpox must be contained in a minute drop of vaccine, no 
one apparently has as yet with certainty isolated it under the microscope. 
Yet smallpox and vaccination are estimated by Dr. Wanklyn to cost fixe 
country three million pounds a year. Our rulers go on spending this money, 
but have not got the intelligence to make any attempt to get rid of the 
expenditure by investigating the disease. Dr. Wanklyn thinks it might 
be possible to drive smallpox out of this country altogether, and I quite 
agree with him ; but it will not be done until the people and their rulers 
begin to show some intelligence in connection with the matter. Anyway, 
our public health authorities are greatly to be congratulated upon the im- 
provement which they have been constantly making, in spite of the absurd 
opposition of the more foolish elements of the population. 

Soieiioe in SoTiet Russia 

Many articles have appeared in the press regarding the present state of 
Soviet Russia ; but one by Dr. W. Horsley Gantt, B.Sc., M.D. (Virginia), 
formerly Chief of the Medical Division of the Leningrad Unit of the American 
Relief Administration, on the hospitals and health conditions in Russia 
to-day {British Medical Journal, August 23, 1924) draws a terrible picture. 
The question which is the best form of government for the human race to 
adopt is really a strictly sdentifle question, requiring scientific modes of 
thought by men who have had experience in scientific methods. The 
popular idea to-day that anybody from a manual worker to a fox-hunting 
nobleman is capable of forming just opinions on this subject is as ridiculous 
as the supposirion that such men would be able without special study to 
form just opinions on modem astronomy, ph3r8ics, or medicine. As long 
as men imagine that they can be properly ruled by amateurs in the sdence 
and art of government, so long will they be badly ruled — they may as weU 
have their engineering or medical treatment done by similar people. It 
has been proved over and over again in scientific works on political economy 
that the creed commonly called Socialism is as impossible as the creed that 
two sides of a triangle are together less than the third side. Obviously if 
no one is penionally interested in maximum production, no maximum pro* 
ductiem will exist, axkl the people will not have their work done property 
in any line. Thus^ where no one is interested in producing food, little food 
will be produced. Where all men are equal there will be no stimulus to 
work, and the results will be that nothing will be done and that the whole 



494 SCIENCE PROGRESS 

nation which adopts such theories will sink into starvation. Dr. Gantt 
shows that this result is being achieved in Russia — just as the economists 
knew it would be. Men, like other things, have to submit to the laws of 
nature, and nature has ordained that men must live by the sweat of thdr 
brows. 

In a later article, however (British Medical Journal, September 20, 1924), 
Dr. Gantt commends the Soviet Government for its attitude towards science, 
and remarks : Although laboratories and schools are much poorer than 
formerly, and although scientists as well as others have undergone severe 
privations, science in Soviet Russia has kept up to its former high standards 
and, paradoxically, has even prospered.** The reason for this is that science 
and art are really created almost entirely by exceptional men who, like the 
germ-cells of the body, work largely outside the economical system of the 
masses. 

7os^ Aspdin 

There are many men who have conferred benefits upon the world but 
whose names are unknown to the public and cannot always be found even 
in biographical dictionaries. Joseph Aspdin was a mason of Leeds who 
in X824 invented ** Portland cement,** the name he gave to a mixture of 
finely powdered lime and of clay in certain proportions. This is now 
employed almost everywhere in constructing houses, in lining drains and 
sewers, and in facing work of many kinds, either by itself or in the form 
of ** concrete.** On Saturday, September 8, 1924, the public of Leeds 
honoured his memory. Mr. P. W. Kelly, President of the American Portland 
Cement Association, presented a bronze tablet to his memory, in the presence 
of a large company. Aspdin was not a chemist, but he was a stone-mason 
in a very large sense of the word. Mr. P. M. Stewart, Chairman of the 
British Cement Makers* Federation, added that we were probably on the 
eve of a concrete age, and that the age had already come in the United States 
and was a concrete fact. Sir Edwin Airey claimed that A8pdin*8 invention 
had a more revolutionary effect upon civilisation than any other invention ; 
l^ough we can scarcely admit this. The Lord Mayor of Leeds hoped that 
a chair for the cement industry might be established at Leeds University. 

Xrimplaiitatton of Eyes 

A number of surprising experiments have recently been emanating from 
Vienna, and biologists seem to be considerably exercised regarding them. 
There has been much discussion about Dr. Kammerer’s work on the inheritance 
of acquired characters, and we have published considerable correspondence 
from Prof. E. W. MacBride and others on the subject. Then Walter Finkler 
recentiy claimed to have successfully exchanged the heads of various insects ; 
and Dr. Koppanyi, who has carried out investigations in the Biological 
Research Institute at Vienna, thinks that he can transplant eyes. Recently, 
however (we have obtained our information from The Times of September 29, 
1924), Dr. Blatt, writing in von Graefe's Archiv fUr Ophthalmologie, finds, 
on investigating the whole subject, that an eye may transplanted, but 
that it remains sightless in its new position. He has made eye transplanta- 
tion experiments on 400 fresh-water fish, 40 chickens, and 80 rabbits, always 
using anaesthetics. He obtained anatomical healing in 26 cases of fish and 
in two rabbits, but all the fowls failed. The Times remarks : He took 
special precautions to secure that the sockets of the respective animals in 
each operation were similar in size, and that the eye muscles and Ojptic 
nerves were severed so as to bring the cut ends as closely as possible mto 
apposition. The wounds healed, and it was clear the transplanting eye 
was receiving nutrition. Short, irregular movements could be obeervM« 
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showing that the muscles had made new connexions ; but these were totally 
unlike the purposive rotation of normal eyes. The eyes, moreover, were 
totally blind, as was shown by direct and indirect tests. They made no 
response even to sudden dashes of light, and they did not guide the move- 
ments of the animal. Fishes are able to change the colour of their skin, 
the colour changes being controlled through the sense of sight, Those with 
transplanted eyes became darker, precisely as happens with blinded fish. 
It may be taken as proved, therefore, that within limits it is possible to 
transplant eyeballs, but that there is no evidence for recovery of sight. 
Dr. Koppanyi has added nothing to what was already known. It is to be 
hoped that such futile, and, even with the use of anaesthetics, somewhat cruel 
experiments may now cease." 

Dental Caries 

The effect of diet on the development of this disease has been well studied 
by three investigators in the British Medical Journal for August 30, 1924, 
page 354. They took three groups of children numbering nine, ten, and 
thirteen respectively, and gave each group a different diet, upon which 
they were kept for seven to eight months. The average age of the patients 
at the beginning of the experiments was a little over seven yeairs. It was 
found that caries developed considerably more frequently in those who 
were kept upon one of these diets, namely diet B, which contained much 
carbohydrates, including oatmeal. The best diet contained no oatmeal, 
but the intermediate diet, C, contained some occasionally. This work 
veriffes with some statistical exactness the well-known hypothesis that 
caries in teeth is due to carbohydrates. The paper should be studied for 
details, and we hope that the research will continued. Is there any 
chemical constituent of oatmeal which dissolves dentine more easily than 
bread does ? In the same Journal for September X3, page 485, Dr. A. H. 
Habgood makes a vigorous and witty plea for more fruit in diets. 

The Extermination of Bats and Babbits by the Bodier Method ’’ 

We have received some vigorous and amusing pamphlets on this subject, 
from W. Rodier, 327 Collins Street, Melbourne, Australia, The method 
consists in killing out the female rats and rabbits, leaving the males alive in 
excess to destroy each other and to prevent fertilisation of the remaining 
females by over-mating. The author traverses criticisms made in Nature of 
November 4, 1922, complains of its refusal to publish his replies, and criticises 
remarks made by Mr. Alfred Moore and others. Those who attempt to 
persuade the world to wage war against its vermin have often been obliged to 
protest against the world’s indifference ; and Mr. Rodier is evidently one 
of them. We think that there is much likelihood in his hypothesis, and that 
his method should be fully tried under experimental conditions. TTie cost of 
a single battleship or " dirigible " would probably more than suffice to settle 
a matter which is really of ffrst-rate importance both for agriculture and for 
public health. 

All Ido-Bnglidi Diottonary 

We have just received a copy of this (Pitman & Sons, price 105,, 1924). 
It is very nicely arranged and printed and we should use it regularly if we 
were not too lary to learn the language. That, we fear, is the predicament 
of most people. We suffer from occasional correspondence with foreigners, 
but always find the easiest way out of the difficulty to consist in replying in 
our own unfortunate lan^age and leaving the interpretation thereof to our 
correspondent. We might take the trouble to learn Ido if we were quite 
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certain that a stt^Scient proportion of the world's population were to do the 
same. When we travel abroad we meet many ignorant persons, such as 
ticket-collectors, porters, guards, hotel-keepers, and voluble persons who 
wish to deprive us of our seat in the railway carriage ; but unfortunately, up 
to the present, few of them have been more energetic in studying Ido than we 
ourselves have been. We once heard a witty Frenchman remark that 
Esperanto was an excellent language, because all one had to do was to use 
it for preliminary salutations and then to continue the conversation in French. 
Perhaps some day the world will become more rational and also more hard- 
working, especially after the League of Nations succeeds in dominating us 
all — even the Turks. By that time most of the writers and readers of Science 
Progress will probably be dead. However, we wish the cause every success, 
and sing the praises of those men of superabundant energy who write these 
books. 

Public Gratitude lor Sdentiflo Achievement 

Almost every day we find in the papers very considerable lists of legacies 
and bequests. The fortunes bequeathed vary from millions of pounds down 
to a very few pounds. Sometimes those who leave large sums are well 
known ; but it is a curious fact that the men who are best known leave the 
smallest sums. For example, we saw in The Sunday Times, of November 2, 
that Mr. James Boomer Charters. J.P., had left £225,817, that Miss J. A. 
Hankey had left /45,883, that Mr. J. S. Wyatt had left ;^34,477 ; and then, 
at the very tail of the list, comes the announcement that Lieut. -Col. H. H. 
Godwin-Austen, F.R.S., the pioneer explorer and geologist who surveyed large 
tracts of the Himalayas and various parts of Central Asia, left £go \ We are 
not Socialists, but think that if the State could interfere in any way in the 
distribution of wealth it ought to interfere in one respect, namely, that the 
men who render the greatest services to the world should receive at least some 
of the good things which the world still appears to provide for those who have 
done it little service, or indeed, sometimes, much dis-service, or who have spent 
their lives chiefly in helping themselves. One would think that human beings 
have now developed sufficient intelligence to understand that it is to their own 
interest to help those who help them. 

Flood ol New Books 

From several articles in the press we learn that the number of new books 
published this year is likely to exceed 9.500. Most of them, we presume, are 
novels, while the volumes of verse are said to reach sixteen a week. We have 
tried recently to read some of the more popular new novels, but the attacks 
almost always failed after the end of the tot chapter. Perhaps our taste is 
a bad one ; but we see so many dull people about that we do not care to spend 
the rest of the day in reading about others of the same type. Some persons, 
however, appear to enjoy the process. The truth is that modem novel- 
writing is merely a branch of the periodical press. The novels are brought out 
in numbers every day, and are meant to bo thrown away a few da5r8 later. 
We wonder how many of them will last over the year, not to mention over 
the century. Art must tend to choke itself by excess of growth, like flowers in a 
garden. We are even very doubtful of the alleged classics of last century and 
we fear that the word ''classic" as applied to the Iliad or the Mneia, 
scarcely apply to any of our modem literature. 

Xbf Fifib Bating (B. B.) 

The lords temporal, the lords spiritual, and the commoners were the 
Three Estates at the time when " Edmund Burke, pointing to the Reporters' 
Gallery, said : ' There sjts a Eourtb more important far than th«y 
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all/ ** Dr. Arthur D. Little has found a fifth estate, in his paj^ read at 
the centenary celebration of the founding of the Franklin Institution, on 
September 19, 1904 (Science, October 3). The fifth estate is ** the company of 
th&kera, workers, expounders, and practitioners upon which the world 
is absolutely dependent for the preservation and advancement of that 
organised knowledge which we call science. ... It is they who bring the 
power and the fruits of knowledge to the multitude who are content to go 
through life without thinking and without questioning, who accept fire and the 
hatching of an egg. the attraction of a feather by a bit of amber, and the stars 
in their courses as a fish accepts the ocean/' Leavened with wisdom and 
enlivened with wit, Dr. Little’s magnificent address elaborates the true position 
of this fifth estate to-day. It constitutes a new priesthood of a new religion 
of a new world. Not tne old world of craft and cunning, personal force and 
selfish intrigue, but one of massed progress through the tangled forest of 
opposing nature by means of inquiry and invention. With this new philoso- 
phy, men for the first time begin to approach the promised land. But the 
guides are few, the waverers many ; and as yet we do but see the verge of 
our inheritance. 

Motet and Newt 

H.M. the King has approved the award, by the President and Council 
of the Ro5ral Society, of Royal medals to Sir Dugald Clerk, for his work on 
internal combustion engines, and Dr. H. H. Dale for his researches in phar- 
macology and ph3^iology. 

The President and Council of the Royal Society have also made the 
following awards : Copley medal to Sir E. Sharpey-^hafer for his valuable 
work in ph)rsiology and histology : Rumford medal to Mr. C, V. Boys for his 
invention of the gas calorimeter ; Davy medal to Prof. A. G. Perkin for his 
researches on the structure of natural colouring matters ; Darwin medal to 
Prof. T. H. Morgan for his valuable work in zoology. 

The Earl of Crawford and Balcarres and Sir Otto Beit have been elected 
Fellows of the Royal Society under the statute which permits of elections on 
grounds of conspicuous services rendered to science. 

The chief officers of the Society for the session 1924-5 are : President, 
Sir Charles Sherrington ; Treasurer, Sir David Prain ; Secretaries, Mr. 
W. B. Hardy and Mr. J. H. Jeans ; Foreign Secretary, Sir Richard Glaze- 
brook. 

Dr. J. W. Scott, of University College, Cardiff, has long been advocating 
the so-called Maxwell plan for the relief of unemployment. It consists in 
giving workmen attached to factories a small plot of land of about one-third 
of an acre to each cottage, so that when the said workmen are not employed 
at the factory they can cultivate their own gardens. Thus, workmen and 
factories would tend to migrate into the country and general prosperity would 
be increased. " Even if the cottage and third of an acre cost IHoo to £1,000 
(and why need it bo anything like that figure ?), it could be repaid for around 
£x a week ; that is to say, a few shillings over what the workman very likely 
pays in rent already." Ptobably this idea is somewhat too simple for easy 
con^rehension by our political logomachists. 

The James Tait Black Memorial Book Prizes, instituted by the late Mrs. 
Janet Coats, or Black, of Milleam, Ayr, in memory of her husband, the dis- 
tinguished Edinburgh publisher, have now been awarded for 1923 as follows: 
for the best biography or literary work of that nature, to Sir Ronald Ross for 
his Mermirs (John Murray) ; and, for the best novel, to Mr. Arnold Bennett 
for Piciyman ^ps (Cassell & Co). Each prize amounts to over £1^1, and 
the awa^s were decided by Dr. J. B. C, Grierson, Professor of Rhetoric and 
English Literature, Edinburgh University. 

Vesstf. Williams ^Norgate have recently published (price 15.) the speech 
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of Maltre Aubert of the Geneva Bar, before the criminal court of Lausanne, 
in defence of A. Polounine, who was tried there in November 19513 for 
shooting a Bolshevist emissary in the previous May. It will be remembered 
that the jury condemned the crime but acquitted the accused on the grounds 
of “ irresistible impulse,*' a finding strictly in accordance with Vaudois law. 
The publication is called Bolshevism* s TerrihU Record : An Indictment, and is 
very well worth reading. 

The Nobel prize for Medicine for 1924 has been awarded to Dr. William 
Einthoven, Professor of Physiology in the University of Leyden, chiefly for his 
notable invention of the string-galvanometer for recording the action of the 
heart. This adds one more to the long list of these prizes given since 190X 
for physiology and hygiene, as against only four or five awarded for patho- 
logy. No doubt all of them have been more than well deserved ; but one 
cannot help remarking that recent discoveries as to how diseases are caused 
and xnay be cured or prevented are really far more important than most 
of the studies of natur^ processes in the body which seem to be the chief 
preoccupation of the academies and which win most of the honours. 

The British Medical Journal for May 24, May 31, and June 7, 1924, 
contained the Milroy Lectures on Plague, by Lt.-Col. W. Glen Liston, I.M.S., 
describing the researches which proved how that most terrible of epidemic 
diseases is carried by rat-fleas. It is characteristic of the barbaric attitude 
adopted in this country towards medical research that not a single honour or 
reward worth mention seems to have been given to any of the men who 
achieved that important and brilliant discovery — twenty years ago I Mr. 
Haflkine, whose vaccine saved innumerable lives in India when the Govern- 
ment was powerless, has been treated no better. We wonder how many 
honours have been given during this period to politicians, generals, nobodies, 
and quacks. Truly, though science advances with giant strides, yet the 
mind of the public remains to-day what it was in the dark ages. 

Just as we are going to press we have received the twenty-first anniversary 
number of School Nature Study (George Philip & Son, 32 Fleet Street, £.€.4, 
price IS, net). It is full of interesting articles on science and education by 
many men of distinction, including a number of the leading men of science. 

The Council of the Institution of Civil Engineers has awarded a Telford 
gold medal to Mr, E, H. Lamb and a Telford Premium to Prof. L. N, G. 
Filon, F.R.S. 

Prof. Eddington has been elected an honorary member of the American 
Astronomical Society and Prof. Soddy a foreign member of the Reale Acca- 
demia Nazionale dei Lincei of Rome. 

Dr. H. Knox-Shaw has been appointed to succeed the late Dr. A, Rambaut 
as Radclifle Observer by the trustees of the Radclifle Observatory, Oxford. 

Prof. F. Paschen has been appointed Director of the Reichsanstalt. 

Sir William Bragg opened the new College of Pure Science in the Uni- 
versity of Durham on October i, and after the ceremony received the honorary 
degree of D.C.L. in the University. 

Mr. S. A. Courtauld has given a sum of ;^2o,ooo to the University of London 
for the foundation of a chair of Anatomy at Middlesex Hospital Medical 
School. 

Prof. H. Kamerlingh Onnes, of the University of Leyden, has resigned and 
Prof. W. J. de Haas of Groningen has been appointed to succeed him. 

Mr. Ernest Gates, of Norfolk, has oflered to complete the sum of ;i^53,ooo 
required to enable the University of Cambridge to accept the ofler of the 
Rockefeller Trustees to build and partly endow a School of Pathology, pro- 
vided the sum necessary to complete the endowment could be obtmned mm 
other sources. 

We have to record with regret the announcement of the death of the 
following scientific men during the past quarter : Lord Abercromby, archaso* 
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legist ; Mr. F. H. Bradley, O.M., philosopher ; Mr. J. Britten, editor of the 
Journal of Botany, British and Foreign ; Dr. J. E, Campbell, F.R.S., mathe- 
matician ; Dr. E. G, Deville, Director-General of Canadian Surveys ; Sir 
Archibald Geikie, O.M. ; Dr. J. E. Gilpin, professor of chemistry at Johns 
Hopkins University ; Mr. O. Hehner, analytical chemist ; Dr, W. B. 
Hemsley, F.R.S., botanist ; Mr. H. Lupton, physiologist ; Dr. S. H. C. 
Martin, F.R.S., pathologist ; Mr. H. G. Smith, Australian chemist ; Prof. 
T. Wertheimer, chemist. 

The Viceroy of India has sent a donation of Rs. i,ooo and the Maharajah 
of Nepal of Rs. 1,500 towards the fund for the foundation of the Ross Institute 
and Hospital for Tropical Diseases. 

As a result of the Corn Production (Repeal) Act a further sum of £$00,000 
has been allotted for agricultural education and research. This is an addition 
to the ;£85 o,ooo which was granted in 1921 for this purpose, and also to the 
annual grant which provides payment for the statutory activities of the 
Development Commissioners. The Ministry of Agriculture announces that 
the new money will be applied in part to research on foot-and-mouth disease, 
veterinary research, soil surveys and the National Institute of Agricultural 
Botany. 

Two thousand five hundred quarters of a new wheat, Yeoman II, bred 
by Professor Bifien, has been sold this autumn by the Council of the National 
Institute of Agricultural Botany. The new wheat will replace the original 
Yeoman variety, whicli is now difficult to obtain as a pure seed free from 
admixture with other varieties. Both wheats are products of the cross 
Browick X Red Fife, but the new variety is decidedly superior. Its yield 
has been thoroughly tested on different soils in various parts of the country, 
and the flour is of exceptionally good quality. 

The committee appointed by the I^esident of the Board of Education 
** to indicate what are the principal changes now most needed in the existing 
constitution of the University of London, and on what basis a Statutory 
Commission should be set up to frame new Statutes for the University ** is 
constituted as follows : Lord Ernie (chairman). Sir Robert Blair. Dr. H. L. 
Eason, Mr, H. B. Lees-Smith, Sir Henry Miers, Prof. A. F. Pollard, Sir 
Amherst Selby-Bigge, Miss K. Wallas, and Mr. S. H. Wood (secretary). A 
Royal Commission on University Education in London (generally known as 
the Haldane Commission) sat before the war, and its final report was dated 
March 1913. No effect has hitherto been given to the recommendations of 
this body, and the Departmental Committee now appointed will inquire 
whether some modifications in the scheme may not be desirable. The 
Senate is of opinion that any changes which may be necessary in the organisa- 
tion of the University wdxild be best effected by amendments initiated by 
the University itself. That the statutes and organisation of the University 
require very considerable modifications can hardly be a matter of dispute ; 
the danger attached to any change is that it may result in those who really 
constitute the University (its teachers, research workers, and students) having 
even a smaller share in the control than they have to-day. 

A meeting, attended by many foreign delegates, was arranged by the 
Netherlands Chemical Society in Amsterdam to celebrate the jubilee of the 
publication by Van’t Hoff of the first paper on Stereochemistry. In his 
paper Van't Hoff introduced, for the first time, a mechanical theory of valency 
and connected the optical activity exhibited by many carbon compounds 
with their chemical constitution. In this connection, however, his name is 
generally joined with that of Le Bel, who, two months later, published, in 
France, a paper dealing with asymmetric carbon compounds. They jointly 
received the Davy medal from the Royal Society in 1893 on account of this 
work. X49 Bel, who is now in his seventy-eighth year, was'invited to the 
jubilee celebrarion of the work, but unfortunately was unable to be present. 

Some years ago De Sitter, the Dutch astronomer, expressed the view that 
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the universe must be regarded as a ** sphere ** in a four*diinenstonalmanilold» 
and, at the British Association meeting at Toronto last August, Dr. D. Sil- 
berstein showed how it is possible to estimate the radius of curvature of this 
** sphere.'* His calculations were based on the observed shifts of the lines in 
the spectra of certain very distant star-clusters and clouds. These shifts are, 
of course, in the main due to the Doppler Effect ; but, according to Einstein, 
a small part may be due to an apparent decrease in the ]>eriod of the light-* 
waves from very massive sources. Starting from this h5rpothesi8. Dr. Sil- 
j^rstein estimates the radius of curvature of the universe as 67 x xo'* miles 
about 114 million light-years). 

Dr. Harlow Shapley states that, as a result of photometric investigations 
of a series of photographs, taken at the Arequipa station in Peru, of the 
Small Magellanic Cloud, the magnitude of the stars in it has been determined, 
and thus the magnitude and distance of the system have been estimated. This 
distance comes out as 32 kiloparsecs (or, in rational units, about 100,000 light- 
3rears), while the diameter of the cloud is 6,500 light-years. More than h^f a 
million stars in the system are at least a hundred times as luminous as the sun. 
Some of the brightest are shown by their spectra to be of the red type, so that 
the intensity of light emission is low, and their size must be enormous to have 
so great a total brightness. The largest have, in all probability, a diameter of 
the order of 1 .000 million miles, about four times that of Betelgeusc. The Small 
Magellanic Cloud is moving away from our galaxy with a velocity of about 
100 miles a second, and Dr. Shapley is of opinion that both it and the Large 
Cloud were in the Milky Way at a time more recent than the Palaeozoic era. 

In the Comptes Rendus (July 21 and Aug. 8) E. Mathias proposes a new 
explanation of the origin of thunder and of ball lightning. His suggestion 
is that at the very high temperature of the flash heavy complex molecules 
of oxygen and nitrogen may be formed (such as On, Nit) which, on cooling, 
break down with the explosive violence. Ball lightning is then regarded as a 
flattened cylinder of the heavy molecules formed by an intense flash near the 
ground. Mathias quotes one instance in which ball lightning behaved in 
&e manner his theory would lead one to expect, but has no other expert* 
mental evidence to support it. 

libe Handbook to the Exhibition of Pure Science, arranged by the Royal 
Society at Wembley, is deserving of all the praise which it has received. It 
is divided into two parts, of which the flrst contains a simplified Account of 
those branches of science which are exciting most interest at the present 
time. Each subject is treated by an expert, sometimes by an article specially 
written for the Handbook, sometimes by a suitably edited extract nrom an 
address to a scientific body, and, in a few cases, by the reprinting of an article 
written for the British lienee Guild Publicity Service. \^atever the 
original piupose of the articles, as presented here they are admirably suited 
for their purpose, i,e. to give the intelligent layman an interesting, true, and 
unexaggerated account of the present position of science. We are gl^ to 
note that the Handbook mky be obtained from Messrs. A. F. Denny, Ltd., 
X63A, Strand, London, W.C.2. (Price is, *f 3d. for postage), but regret that 
it is not brought more prominently before the public by sale on the tmkstalls. 
Would it not be worth while to reprint the Handbook without the descriptmn 
of the exhibits which forms the second part of the work, and then sell it 
through a large distributing agency at the lowest possible price ? 

The Colonial Office has issued a Report of the work of the Imperial Myco^ 
logical Conference held at the Imperial College of Science last July (H.M. 
Stationery Office, Adastral House, Kingsway, W.C.2. Price pd. net). The 
proceedings were opened by Earl Buxton, who pointed out that, for the pro- 
gress of the tropical Colonies, the fight against diseases of plants is scarcely 
losa important than that against human diseases ; a fact much better apprer 
ciated in the Dominions themselves than in the home country. The myep- 
logical work of the Empire is centralised in the Imperial Bureau of Mycology^ 
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in charge of Dr, E. J. Butler, C.I.E., which has at present an income of £5,075 
per annum from Government grants. The staff comprises just eleven persims^ 
including the charwoman and an indexer (both part time), and only a 
relatively small amount of work can be done. A Committee appointed to 
consider the future work of the Bureau turned down many important and 
useful suggestions on account of the expense involved by the increase of staff 
which would thereby be made necessary, and only ventured a modest request 
for one additional mycologist and increases of salary which would raise the 
cost of the Bureau to £6, 500 per annum. A large part of the work carried out 
would appear to consist in the preparation of the Review of Applied Mycology, 
whose publication involves an annual loss of some £600 on printing and dis- 
tribution alone. 

The Empire Forestry Journal for July last contains an account of the 
afforestation work which is being carried on in this country, and emphasizes 
the need of a more settled policy relating to this matter. Shortly after the 
conclusion of the first Imperial Forestry Conference in 1920, the Geddcs Com- 
mittee recommended that the Forestry Commission called into being by 
the Forestry Act of 1919 should be disbanded, and its work abandoned. 
The recommendation was not accepted in its entirety, but the sum allotted 
for the work was halved until, later on in the year 1921, urged by increasing 
unemployment, the Government requested the Commissioners to proceed 
with a planting programme much larger than that originally proposed ! 

In 1923 about 25,000 acres of plantable land were secured and 10,000 
acres actually planted, 18,000.000 trees being used for the purpose. Mr. 
Ramsay Macdonald, during his tenure of office as Premier, expressed the 
view that the annual planting should extend to 30,000 acres instead of 10,000, 
and it is to be hoped that the new Government will support his proposal. 
In any case, a setfled policy is required, for the trees themselves take from 
two to four years before they are fft to place in a plantation, and of course 
many years longer to mature. The supply of timber from North America is 
being exhausted very rapidly, and before trees planted to-day can mature it is 
expected that the United States will become a competitor for foreign supplies 
instead of an exporter, and the situation which will then arise may be a 
serious one. It ensures, however, that money spent on timber production 
will turn out in the end a good investment. 

The Thirteenth Annual Conference of Educational Associations will be 
held at University College, Gower Street, W.C.i, from the ist to the 8th 
January, 1925. The Honorary Organising Secretary and Treasurer is Miss 
Busk, 14 Taviton Street, W.C.i, Among much other matter, there will be 
a discussion on Simplified Spelling on Saturday, January 3, at xo.30 a.m. 
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To the Editor of Scibncb Proqrbss 

THE CAUSATION OF CANCER 
I — From J. Eixis Barker 

Sir, — In your October number Dr. Archibald Leitch, in reviewing my book. 
Cancer — How it is Caused, how it can be Prevented, makes several statements 
which I cannot allow to pass. He writes, ** The thesis that cancer is a disease 
of civilisation is easily disposed of," and in vague generalities he denies that 
cancer is a disease of civilisation. There are, of course, a few cases of cancer 
— sarcoma is a different matter — among primitive races, and as a rule they 
occur among primitive people who have adopted the food and manners of 
civilisation. However, according to more than a hundred medical men, 
living among Red Indians, African negroes, etc., whom I have quoted or 
referred to, cancer is practically unknown among primitive tribes. In the 
September issue of Th^ Fortnightly Review I have quoted a statement of 
Colonel Halliday, of the Indian Medical Service, who during more than twenty 
years has been working among the Hill*men. He has performed thousanos 
of operations upon them, but has not had a single case of internal cancer. 
My thesis that cancer is a disease of civilisation seems to me unchallengeable, 
and if Dr. Leitch had read the mass of evidence I have quoted he would 
probably share my opinion. The fact that, in Dr. Leitch's words, " cancer 
occurs in all sorts of animals, mammals, birds, fishes, etc.," does not disprove 
my statement. It seems to me not permissible to confuse human duease 
and animal disease. Some learned investigators are even studying cancer 
in trees. There is, after all, some difference between humans, animals, fowls, 
fishes, and plants. 

Continuing, Dr. Leitch proclaims : " The second contention, that cancer 
is increasing at an alarming rate, is not borne out by mortality statistica 
carefully interpreted. " 1 must also challenge that statement. Civil servants 
are the most cautious of people. The 1923 Report of the Ministry of Health 
gives on page 13 a lengthy table, showing that between 1838 and 1921 deaths 
per million from cancer in England and Wales have increased from 173 
to 1,215. Commenting upon the table the report states : " From these figum 
it will be seen that the death-rate from cancer is now more than seven times 
what it was in 1838," Under the heading, " Is Cancer Increasing?" the 
Report considers in nearly nine pages whether this apparent increase is teal 
or fictitious. On page 2 1 the result of a careful critical examination regarding 
the English figures is summarised in the words ; " The result of an application 
to the extensive data available in England and Wales would appear to confirm 
the popular impression that the recorded increase of mortatiiy from cancer ie 
not a statistical fiction, but an established fact,** while with regaiti to the cancer 
mortality elsewhere the Report states on page 22 ; " As in this country, 
the recorded mortality from cancer is increasing throughout the world/* The 
it^cised portions are italicised in the originm. I am afraid Dr. Leitch ii 
mi sta ken ^ The fact that cancer is increasing alarmingly cannot be quee^Loned* 

SOS 
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The teaching of my book is that cancer is due to chronic poisoning and 
vitamin starvation. Among the chronic poisons leading to cancer there are 
the bowel poisons regarding which Sir Arbuthnot Lane has done pioneer 
work of inestimable value. Dr. Leitch cannot disprove Sir Arbuthnot's 
teaching by telling you of his having escperimentally '* injected into the 
lower bowel of a large number of animals for periods of nine months several 
of the products of intestinal putrefaction without inducing any lesion what- 
ever." These experiments seem very artificial, and are to me very uncon- 
vincing. McCarrison has shown by his experiments, which I have quoted 
very fully in my book, that vitamin starvation in animals leads to the 
ballooning of the stomach and to serious lesions throughout the alimentary 
canal. Through these lesions bowel poisons are readily absorbed into the 
system. Possibly, but not necessarily. Dr. Leitch might have produced 
cancer in the alimentacry tract of animals by producing in them bowel lesions 
through vitamin starvation and chronic constipation without injecting 
" products of intestinal putrefaction." But that result need not necessarily 
have followed. Men and animals react differently. Certain animal diseases 
attack man, certain human diseases may be caught by animals, while other 
diseases are not transmissible from men to animals or from animals to men. 
These are fundamental facts which animal experimenters overlook only too 
often. 

In his concluding sentence Dr. Leitch seems to suggest that I recommend 
my readers to " dine on the unappetising dishes of savages ’* to avoid cancer. 
That is surely a very unnecessary distortion of my views. I have recom- 
mended a diet rich in vitamins and roughage, containing an abundance of 
raw fruit, salads, and wholemeal bread. I really fail to see that wholemeal 
bread and fruit are an unappetising diet fit only for savages, and Dr. Leitch 
need not have made this ridiculous mis-statement, which is really not very 
creditable to him. 

Yours faithfully 

J. Ellis Barker. 

October 14, 1924. 

II — From Archibald Leitch, M.D, 

This letter adds nothing new to what the writer is pleased to call his 
" teaching," nor does it meet any of the criticisms passed upon it. 1 am 
prepared to believe the statement that more than a hundred medical men 
who have lived for various periods in more or less intimate contact with less 
civilised races may not have recognised a single case of cancer, just as I am 
prepared to believe that hundreds of people may have crossed the Atlantic 
Ocean without seeing another ship on the waters. We have, however, definite 
knowledge that the mercantile marine exists, and we have definite information 
from medical men that cancer occurs in primitive races. We have no means, 
and in the nature of things cannot have means, of determining the relative 
incidence in civilised and primitive countries. Mr. Barker seems to be in- 
capable of distinguishing between an opinion and a fact : to him a nebulous 
notion is " pioneer work of inestimable value." A statement that the statis- 
tical study of admittedly unsound materials " would appear to confirm the 
popular impression that the recorded increase of mortality from cancer " 
is true, beeves in his mind overwhelming proof that the actual increase is 
alarming and cannot be questioned. At the risk of incurring Mr. Ellis 
Barker's displeasure, I shall continue to believe that man is an animal, that 
sarcoma is cancer, that certain tissue reactions are the same in all animals, 
that ignorant speculations are not so important as ascertained facts, and 
that pathologists know more about disease than Mr. Barker knows about 
logic. 


Archibald Leitch* 
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HZ8T0&Y JUTD AGBXCUXiTVBAL 8CXSV0S (O.E.FliiBoO.BeiMlQh 
Branch* Kinistry o! Agrioalinre) 

The value of historical research in connection with any particular industry 
has been constantly questioned. This is partly the result of looking at 
history as a fiction having little more real relation to our lives than a story 
or novel, partly the result of imagining tliat the methods we now adopt 
are the only possible methods. Why should any interest be taken in method 
that have been superseded when it is incredible that we should ever dream 
of returning to them ? How can it benefit us to know such methods, or their 
productive results ? The present, however, has its roots in the past, and the 
relation between the past and the present in agricultural science is as clearly 
marked as it is in any other. Actually, of course, history is merely a state* 
ment of what has happened in the past, recent or remote. It may be the 
history of yesterday or it may be the history of old times. 

The scientific v^ue of the classical experiments at Rothamsted is univer- 
sally Imown and admired, and, in point of fact, these experiments are little 
more than the story of the system of cropping continuously carried out for 
a period of years and recorded. Some of the most interesting and valuable 
of the results are admitted to be due to the long continuance of these experi- 
ments, although at their inception no such plan was formulated. Science 
in this case is entirely historical. It is a record of what was done in each 
year, and the effect upon the crop. In the grassland experiments, which 
have been carried out and recorded at Cockle Park for the past nineteen 
years, and which have resulted in the discovery of the best manures for 
grass to be used in characteristic soils in the county of Northumberland, the 
scientific knowledge was obtained from the story of the work and its results. 

Agricultural development in England, as is also the case in continental 
countries, is inextricably bound up with the system of land tenure. Until 
the enclosures had taken place it was not possible to apply to agriculture 
the slight but increasing measure of scientific knowledge that was obtained 
in the seventeenth and eighteenth centuries. It was only in those districts 
where large farms held in severalty had become commonplace that people 
were able to introduce the new crop rotations, to use artificial grass, and to 
cultivate roots. Upon the smaller and mixed holdings in the common fields 
traditional implements were used, and the traditional rotation was followed 
because the pace of development was necessarily that of the slowest and 
most backwm member of the community. 

The enthusiasm for agriculture which marked the eighteenth century in 
this county culminated in the enclosure movement at its end. The move- 
ment was instigated by men who were anxious to utiliso the new knowledge, 
and who could not adopt it on farms split up into small sections distribute 
in the common fields. Their efforts would have been negatived by the Imd 
cultivation of their neighbours. The work of enclosure, which had been 
going on slowly, was greatly accelerated and the possession of the new 
holdlngB in severalty necessarily permitted experiments to be carried out 
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which the Continent was incapable of attempting, merely because their own 
system of land tenure did not imdergo any such complete, concentrated, and 
speedy amendment. 

In this connection the distinction between the agriculture of northern 
and southern France is interesting. In the south of P'rance, which, in their 
day, was occupied by the Romans, the open field method of cultivation was 
not used in the same way as it was in the more Teutonic north, where the 
holdings were the characteristic, distributed acre strips of the common field 
S3rstem. In the south holdings were set out on the more classical rectangukur 
lilhes, and artificial grasses, such as lucerne, which were known to the classical 
agriculturists, continued to be cultivated. In the north, where the open 
field system was, till very recent times, practically universal, artificial grasses 
were not cultivated, the ordinary three-field or two-field systems of rotation 
being used. The characteristic implements of the two districts also differed 
very much. But Young had found, in 1794, to his astonishment, that the 
enclosures of the south had not inspired improvement. Ihe rotations 
employed were traditional, and the improved rotations, that were the con- 
sequence of the introduction of the turnip and the artificial grasses from 
Flanders, combined with the enclosures in England, were only passed on to 
France in the middle of the nineteenth century. The new* system might 
not have become serviceable even then had it not been for the modifications 
in tenure introduced by the Revolution, not the least important of which was 
the permission granted to every proprietor to cultivate as he pleased. 

In the polders, reclaimed from the sea, the most important consequence 
of enclosure, in Young’s eyes, w^as the fact that the “ complete control of 
the individual cultivator over the course of cultivation had existed for 
centuries.*' These conditions were to be found about the beginning of last 
century along the Rhine through Holland, and in some provinces of Germany, 
and it is worthy of remark that it was from this district of unrestricted cultiva- 
tion that many of the improvements were introduced into England during 
the late seventeenth and eighteenth centuries. 

Again, in Eastern Prussia, the Junkers had, since the sixteenth century, 
held a large proportion of the land in tlieir own occupation and had been 
consistently adding to the extent of their possessions as opportunity provided, 
80 that by the early years of the nineteenth century the Junkers were capitalist 
farmers of their own land of a type quite difierent from the landowners of 
England or the great nobles of France. During the first thirty years of the 
century the habit of farming their own land became consolidated, and, 
although the practice of leasing farms was not unknown in the eighteenth 
century, large farms, worked by their proprietors, were, and still arc. a 
consequence of this movement in the early nineteenth century. The Junkers 
were enthusiastic agriculturists, and they learned and adopted the scientific 
methods, which had been used with such success in England. Their 
enthusiasm also led them to conduct experiments of their own, resulting in 
the development of German agricultural science which is so well known. 

The very evident necessity for consideration of history in relation to 
agricultural science is thus clearly established, but, if any further evidence 
was wanted, it would only be necessary to cite the work of Arthur Young. 
The history he wrote was contemporary, but it cannot be described as 
anything else. In the course of his travels he examined and recorded 
divergent practices all over this countiy, in France, in Ireland, and in Italy, 
and what he recorded was the inspiration of many of our most valuable and 
interesting experiments. 

Ag[ain, the application of the chemical discoveries of the eighteenth century 
to agriculture was made possible bv the work and lectures of John Humphries, 
and it was ooly when the intensive period of the enclosure movement had 
come to an end that it was found practicable for a sufficient number of large 
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farmera to adopt the system of artificial manuring and careful cultivation 
he advocated. 

On the face of it, perhaps the least important t3rpe of historical investi- 
gation is that which deals with the statistics of production, population, and 
so on. Statistics are notoriously difficult to understand, and uninteresting, 
but they can be made of human interest, and they can indicate what progress 
has been made and afford some kind of indication why it has been made, 
if they are properly applied. Common observation is responsible for a 
large number of statements, which can only be checked by the pn^ess of 
historical investigation, and very frequently the results of common observa- 
tion are found to be erroneous. Ultimately science depends almost entirely 
upon historical method. 
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MATKEICATICS 

Linear Integral Equationi. By William Vernon Lovitt, Ph.D. [Pp. 
xiii + 253.] (New York : McGraw-Hill Publishing Co., Inc., 1924, 
Price 15s.) 

The standard books on the theory of integral equations, such as those of 
Bdcher and Volterra, make extremely heavy reading by reason of the fewness 
of the assumptions made with regard to the kernel. By considering only 
linear equations with a continuous kernel and with a single integration, Mr, 
Lovitt has been able to produce an introduction to the subject which is simple 
and readable, though not lacking in rigour. It is based on the lectures of 
Prof. Oscar Bolza at the University of Chicago. An account is given of the 
three methods of obtaining solutions ; the method of successive substitutions, 
due to Liouville, Neumann, and Volterra, which gives the solution as a power 
series in the parameter, converging within a certain range ; the method of 
Fredholm, which regards the integral equation as the limiting form of a system 
of n linear algebraic equations when n tends to infinity and which gives the 
solution as the quotient of two infinite determinants ; and the method of 
Hilbert and Schmidt, based on the fundamental functions, the solutions of 
the corresponding homogeneous equation when the parameter is a character- 
istic number. Applications are given to various problems of mathematical 
physics, differential equations with boundary conditions being shown with 
the use of Green's function to be equivalent to integral equations. At times 
the treatment seems rather long-winded, and spread over too many pages. 
For instance, is it necessary to take three lines to prove that if m is the greatest 
integer in then m< n (p. 125) ? And there is a misprint in the last line, 
at that 1 In fact, misprints are far too frequent, especially in the deter- 
minants on pp. 37 f[. There is an occasional slovenliness in phrasing, too, 
such as '* let u and v be any two reals constant with respect to x/* and we con- 
fess that we cannot make very much of the passage (p. 85) : *' A curve C, 
^ ^ ( 0 * y if) is ^ continuous if ^ and ^ are continuous. We 

write this 

^ • 

The symbol * • is read is equivalent to or implies and is implied by. The 

symbol * is read and/' 

But these are slight blemishes on a good book, and can easily be removed 
in a new edition, which the publishers apparently expect with confidence, as 
they print ** First Edition " upon the title-page. F. P. W. 

On the XMreot Hnmerioal Calouletion ot BUiptio Fonotions and Integrals. 

By Louis V. King, F.R.S. [Pp. viii -f 42.] (Cambridge : At the 
University Press, 1924. Price 31. 6d, net.) 

If we take any two positive numbers ai and bi and form their arithmetic 
mean 0$ and tli^ geometric mean fit* and then do the same with the numbers 
Ot and and so on, we obtain two monotonic sequences (an) and (fi»i) which 
converge to a common limit 1 with extraordinary rapidity, even when the 
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numben with which we began are of very different magnitudes. For example, 
if a 1. & 0*2. then a, and 6* are represented by the same number to 

fifteen significant figures. The limit I was called by Gauss the arithmetico- 
geometric mean of Ot, bu and was applied by him to calculate certain elliptic 
totegrals. We have for instance 

^ de 

(ai* cos sin ^B)i " cos + bif sin*^j 4 ‘ 

Prof. L. V. King has develoj^d and extended this method of calculation 
and presents his results in this little book. He gives an outline of the main 
analytical steps and provides a compendium of formulae for the use of a 
computer who requires to reduce to numbers expressions involving elliptic 
functions and integrals which arise in physical and astronomical problems. 
It is interesting to note that this matter was to have received special attention 
in the third volume of Halphen's Fonctions Elliptiques, which was left incom> 
plete at the author's death. An appendix contains a large number of in- 
teresting and elegant formulae concerning recurrence relations of the sequences 
(an) and (bn), and will form a mine of problems for the student beginning the 
study of the Jacobian Theta-functions. 

F. P. W. 

Advanced Vector Analysis with Application to Mathematical Physios. By 

C. E. Weatherburn, M.A.. D.Sc. [Pp. xvi + 222.] (I.ondon: 

G. Bell & Sons. Ltd.. 1924. l^ice 13s.) 

This book is a sequel to the author's Elementary Vector Analysis, which dealt 
with vector algebra and differentiation with respect to one scalar variable. 
Here we begin with partial differentiation and are introduced at once to the 
gradient of a scalar and the divergence and curl of a vector function. Then 
come the theorems connecting line, surface, and volume integrals, and. later, 
an introductory account of linear vector functions and dyadics. This general 
theory occupies four chapters ; the rest of the book is concerned with applica- 
tions to potential theory, the conduction of heat, hydrodynamics, rigid 
d3niamic8. elasticity and electricity, not forgetting some account of the 
restricted principle of relativity. 

The treatment is admirably clear and interesting, and exhibits the 
advantages of the use of vector methods in mathematical physics, provided 
that they are kept in their proper place. 

F. P. W. 



Praotteal Oiloalni tor Home Study. By Claude Irwin Palmer. [Pp. xx 
-f 443.] (London : McGraw-Hill Publishing Co.. 1924. Price 155. 
net.) 

This book is intended to give the essential ideas and applications of the 
calculus in as clear a forai as possible. It is a book for the practical scientist, 
not for the mathematician, and as such is neither much better nor much 
worse than many others which have appeared on the subject. The more 
dif&cult points in the proofs are frankly stated, but are not presented. There 
is a long table of Integral and other formulas given at the end of the text. 

In some sense the book is a continuation of the Author's Practical 
Mathematics, to which frequent references are made ; and in any case a good 
knowledge of elementary mathematics is presupposed. One of the most 
difficult parts to present to the practical scientist, the differentiation of the 
exponential and logarithmic functions, is overcome by a reierenoe to tibe 
author's more elementary work. There is. however, a chapter on Analytioal 
Geometry, but it is placed at the end. 
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Ute rotder should perhaps be warned against a few American terms and 
praetioeB which difier from the English customs, though there are none of 
any very great importance. 

LIBgpaoe, la Relation et la Position : Bssais sur le tondement de la* 
Odomdtrie* Par Le Vicomte de Guell. [Pp. ix + 139.] (Paris: 
Gautlner-Villars et Cie, 1924. Price 10 frs.) 

This is one of the immense crowd of books which are a result of the relativity 
boom. It is true that it purports to give a new basis for the development of 
geometry, but the author admits in his preface that he has been encouraged 
to write the book by the remarkable attention and intelligence with which 
" les lecteurs non sp^ialistes ** have received recent works on relativity ! 

The author's main thesis is that it is possible to construct the whole of 
geometry without any geometrical axioms, and naturally he doesn’t get 
very far and has to take refuge in vague generalities about direction and so 
on. For instance, here is his definition of parallels : “ Deux droites paralldles 
sont celles qui ont la mdme relation de position par rapport k une troisidme 
qui les coupe.” 

But the style is pleasant and the whole may very comfortably be read 
through in a sitting in an arm-chair. It contains a slight but on the whole 
accurate historical account of the rise of non-£uclidean geometry, which 
may be of service to those who are not acquainted with Bonola. 

F. P. W. 

TmiCB 

The Speolflo Heate ol Oaeee* By J. R. Partington, M.B.E., D.Sc., and 
W. G. Shilling, M.C., M.Sc. [Pp. 252, with 46 figures.] (London : 
Benn & Co., 1924. Price 30s. net.) 

An accurate knowledge of the thermal properties of many gases and vapours 
is of great importance in various technical enterprises. Tables of such data 
for steam are readily available and are in constant use, but the authors 
indicate that, up to the present time, the choice of similar data for gases and 
gas mixtures has been left to the individual requiring the information, and 
that such choice, if incorrectly made from the host of experimental results 
published, may give rise to a large error in drawing up, for example, the heat 
balance sheet of a furnace. 

The authors must especially be thanked for having carried out so success- 
fully the immense amount of historical research which has been necessary in 
order that results could be quoted from so many difierent sources, and also 
for their concise descriptions of the various ex^rimental arrangements and 
methods which have been employed. 

These include the work done on the explosion of gaseous mixtures, and, 
necessarily, the effects of pressure and of temperature on the values of the 
specific h^ts are fully discussed. 

Other sections deal with the applications of a knowledge of these values 
in practical problems relating to furnaces, gas producers, etc. The last 
chapter deals with the theory of specific heats, and includes accounts of the 
Idneblc theory of gases and of the quantum theory. References are given to 
over three hundred and fifty original papers. Tables of the values of the 
specific heats, ” accurate and inaccurate,” as determined by the various 
Investigators are included. Wherever possible, these results have been 
recalculated by the authors from the original experimental figures and 
certain corrections have been applied in order that the results should 
be more strictly comparable. Messrs. Partington and Shilling have 
^wn up a furtto table containing a series of values, at 15^ and 
atmosj^mric pressure, for the mdecidar heats of about twenty gases. These 
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valaes, they consider^ may be taken as best representing the existing experi** 
mental data. This table would have been of greater value if some indicatioii 
had been given as to the order of accuracy of the figures quoted. It seems 
that, with very few exceptions, the values of the specific heats of gases are not 
known to an accuracy greater than about one-^lf of one per cent., even 
when determined under the above conditions, which are those most favourable 
for accurate experimental work. The values given for acetylene appear to 
require revision. Further tables and large-scale diagrams give values for the 
molecular heats of some gases up to 2000** Cent. 

One or two points require special mention. Besides a few printer's errors, 
there is a mistake in the description of the apparatus used by Brinkworth in 
the determination of the specific heat of steam. This is called a throt* 
tling calorimeter ; as a matter of fact, in this work a constant-flow method 
was utilised. The method of experiment is described correctly, but the 
equation given as allowing for a heat loss depending on the flow is wrong. 
It would have been helpful if the actual magnitudes of the flows which were 
used in the various constant-flow experiments described had been given. 
Again, in a list of over fifty particular equations of state it is probable 
that Callendar's characteristic gas equation would always be included. The 
authors have omitted it, although it expresses so exactly the properties of 
steam within the usual limits of temperature and pressure reached in steam* 
engine work. Perhaps especially it should have been included, since one of 
the tables of the molecular heats of steam given is based on this equation. 

Possibly some readers may feel a sense of disappointment that the authors, 
who have x>er8onaily made such valuable experimental contributions to our 
knowledge of specific beat values, have not criticised, favourably or otherwise, 
the many experimental methods and results quoted as fully as seems desirable 
in a work of this character. In conclusion, the authors very rightly emphasise 
the necessity for more accurate experimental results in order that various 
theoretical deductions may be thoroughly tested. j. h. B. 

■•iter and Change : An Introduction to Physical and Chemical Scienoa* 

By W. C. D. Whetham, M.A., F.R.S. [Pp. vi -f 280, with 103 
diagrams.] (Cambridge : at the University Press, 1924. Price 
75. fid. net.) 

It is doubtful whether there is another scientific writer who could give in 
lees than 300 octavo pages so clear and complete a survey of the modem 
aspects of physical and chemical science as is provided in Mr. Whetham's 
book. Matter and Change. It is to be feared, however, that the author 
scarcely realises how stiff a proposition modem scientific ideas are to the 
unscientific reader in spite of the wonderful lucidity of his explanations and 
of his apposite illustrative metaphors. W. C. B. 

1-taya and Crystal Structura. By Sir W. H. Bragg, K.B.E., m:.A., 
D.Sc., F.R,S., and W. L. Bragg, M.A., F.R.S. viii -f 322, with 
lofi figures and 8 plates.] (London: G. Bell & Sons, 1924. Price 
215 . net.) 

This book, more than any other recently published, bears witness to the 
ever-increasing pace of physical research. The authors state in their preface 
that they have recoiled before the task of writing a book treating of all 
the work that has been done in the new fields opened up by the X-ray 
methods. This volume, therefore, follows the original edition in method, 
uniting physics, crystallography, and chemistry, and intended to give students 
a general idea of the methods which have been so fruitful. The textbook 
idea prevails throughout, with its very necessary summing-up at intervals, 
and timely mental jogs to make sure that the processes are understood. 
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After the first three introductory chapters the book falls naturally into 
the two parts indicated in the title. Fig. 9, on p. 25, which has often been 
reproduce, apparently shows the production of a real image by specular 
reflection. Figs. 65 and 70 contradict this. The so-called focusing action 
of a crystal is a doubtful process. The reference to black and red phosphorus 
on p. 42 is evidently to a new and hitherto unknown blend. In ttie heading 
to Table I, on p. 46, X is misprinted for /t*. 

Chapter v deals with the absorption of X-rays. Further work on this 
subject has been published lately, but little improvement has been made 
on the empirical laws given in the book. The book would be handier for 
purpose of reference if the wave-length tables were placed at the end of 
the book. The chapter on X-ray spectra might then be enlarged. At 
present it is very difficult to read. 

The second part of the book, on crystal structure, is written far more 
in detail than the first part. There is a short introductory chapter on the 
rudiments of crystallography, and the treatment then follows the lines of 
the first edition. In a foot-note, on p. 99, the conclusion is written, the 
carbon atom must be slightly tetrahedral/' This is a very vague statement. 
The meaning is probably that the electrons in the outer shells, which give 
the atom tetrahedral symmetry noted by the chemists, have a small but 
appreciable efiect on the scattering produced by the atom as a whole. This 
efiect illustrates the difficulty of the calculation of intensities in corundum 
and quartz. The statement, on p. in, that the metals and acid radicles, 
in the isomorphous series discussed, probably exist as ions, is apt to lead 
the student to the conclusion that isomorphism has no real chemical meaning. 
Chapter xii, on crystal analysis and atomic forces, is probably the most 
interesting of the book to the general reader. Much of it is debatable, but 
all is suggestive. 

Chapter xiii gives an account of the work which has been done on the 
intensity of X-ray reflection. The question is a very difficult one, and 
few will agree with the conclusion that the intensities of spectra give a most 
delicate indication of the relative positions of the atoms. The doubt about 
the structure of graphite makes the student sceptical about these calculations. 

The chapter on organic crystals illustrates the great service that these 
methods have rendered us in the chemical field since the publication of the 
first edition of this book. 

The statement, on p. 258, that the reflection maxima from certain planes 
are more intense because of the concentration of atoms in them is only a 
half-truth. The number of atoms contributing to the maxima are the same 
for all planes, even those gf the most complicated indices. But the planes 
of greatest reticular density will probably have the simplest grating " con- 
stitution, and thus give maxima of the greater intensity. The conclusion 
is the same, but the reasoning in the book seems to obscure the fact that 
reflection is not a surface effect, which is so necessarily insisted upon on p. 14* 

The method of von l-aue is explained in chapter xv, and will be a great 
help to students. The final chapter gives a short account of more recent 
work and a further discussion of some of the methods described earlier. 
There is a very useful appendix on the various crystals which have been 
analysed by X-ray methods. 

Any recommendation of this book is superfluous. It is one of those 
books which, even at a guinea, the student must possess. J. H. S. 

Btemaiitanr Crystallography. By j. W. Evans, d.Sc., F.R.S., F.R.G.S.. 
and G. M. Davies, M.Sc., F.G.S. [Pp. vi + 134, with i8i figures.] 
(Ix>ndon : Thomas Murby & Co., 1924. Price 9s. fid. net.) 

As its title indicates, this volume is a textbook for be^ners. Only very 
short Terences are made to the various methods of projection ; but simple 
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calculations of Millerian indices, together with suggestions for practical work, 
axe given at the ends of appropriate chapters. Of the thix^-two classes, 
only eleven of the more imj^rtant ones are discussed in detaiil. The figures 
are very clear, and as simple as possible. A great deal of the penultimate 
chapter, on Twin-crystals,’* will be very difficult reading for the elementary 
student ; and the final chapter, on The Thirty- two Classes of Crystal 
Symmetry,” will be far above the heads of students to whom the book, as 
a whole, is suited. The new notation introduced by Dr. Evans is, no doubt, 
very convenient ; but there are already several systems in use, so it would be 
far better to decide upon one of the established systems than to introduce 
yet another. j. h. S. 

The natural History of Crystals. By A. E. H. Tutton, D.Sc., M.A., F.R.S, 
[Pp. xii + 287, with 166 figures, including 32 full-page plates.] 
(London : Kegan Paul, Trench, Trfibner & Co., 1924. Rrice 155. net.) 

This book is a new edition of Dr. Tutton 's popular book. Crystals, in The 
International Scientific Series, published in 1911. It has been considerably 
enlarged and, to a great extent, rewritten, and it is now impossible to call 
it a popular book. The style is informal enough, but, for the reader who 
does not possess a working knowledge of physics and chemistry, it will be 
far too difficult. 

The first three chapters are introductory and contain an interesting 
account of the early history of crystallography, ending with Haiiy’s contribu- 
tions to the science. Chapters iv and v constitute an elementary introduc- 
tion to the study of the seven systems and their nomenclature. The next 
chapter, on the “ Nature of Crystallisation,” is short, but very clear, and, 
with the references given, complete. Chapter vii reverts to the elementary 
textbook with a description of the goniometer. The next two chapters give 
a good account of the work of Mitscherlich on isomorphism, and of the later 
work which distinguishes between morphotrophy and isomorphism. The 
author then shows how the modem atomic theory helps in the explanation 
of the significance of crystal structure, and leads up to an account of his 
own work on the variation of angles in isomorphous series. A chapter on 
the X-ray method of analysis follows, with examples of typical cases which 
have been elucidated by this method. 

Polymorphism and enantiomorphism are next described. Chaptem 
XV to xvii deal with the optical probities of crystals, and some account ot 
liquid crystals is given in chapter xviii. The author then refers briefly to his 
own very extensive work on measurements of heat expansion and elastic 
constants. The final chapter discusses the various theories of crystal forma- 
tion, and ends with a well-deserved tribute to Federov. 

A glossary of technical terms and a list of the thirty-two classes are 
added as appendices. 

The book is very well turned out, the plates in particular being very 
fine, even if a few are irrelevant. Dr. Tutton loves crystals for their beauty, 
and he wishes to bring others to that greater love of Nature which comes 
with increased knowledge of her works. j 

Vilenoe and the Structure of Atoms and Xoleoules. By G. N. Lewis, Pro- 
fessor of Chemistry in the University of California. [Pp. 172 and 27 
figures,] (New York: The Chemical Catalog Co., 1923.) 

In this monograph Prof . G. N. Lewis has written an account of the electronic 
theory of valency of which he was one of the pioneers. The earlier chapters 
are devoted to a description of the historical development of the atomic theory 
and the theories of the structure of the atom. Contrasting the static view 
of the structure of the atom with the dynamic model of Bohr, he puts forward 
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liQgfestioiiB as to how these may be reconciled and attempts to weld them 
in& a single theory (p. 56) » Accepting the view that the electrons are in 
motion, he puts forward the hypothesis that the atomic nuclei are not neces- 
sarily the centre or focus of the orbits of the electrons, and that the orbits 
occupy fixed positions with respect to one another and the nuclei. He then 
lays stress on the part played by the pairing of the electrons in forming the 
chemical linking and on the grouping of eight electrons which so largely 
determines the valency of the atoms in a chemical compound. In the re- 
mainder of the book his theory is applied in discussions of the dualistic 
theory, the chemical bond, double and triple bonds, co-ordination number, 
the structure of molecules composed of atoms with small kernels, electromers, 
and electrochemical and magneto-chemical theories of chemical structure. 
In the last chapter he puts forward some interesting views on the discon- 
tinuity of the physical chemical process. 

On p. 29 is reproduced a very interesting memorandum, made by Prof. 
Lewis in 1902, on the electronic structure of a number of atoms, before the 
paper by Abegg in 1904 on normal and contra- valencies ; this diagram is a 
brief synopsis of the whole of the octet theory of valency. This brilliant 
speculation, not published until 1916, has already exercised a great influence 
on modern views of valency and will no doubt be of permanent value in 
chemistry. 

The book is an expression of the author’s own views, based partly on 
logical reasoning and partly on that mystic reasoning called intuition, and 
it not unnaturally forms fruitful ground for criticism. The test will, how- 
ever, lie in the future. E. G. 

CXSMZ8TBT 

Clondf and Smokai. The Properties of Disperse Systems in Gases and their 
Practical Applications. By William £. Gibbs, D.Sc. [Pp. xiii + 
240, with 31 figures.] (I^ndon : J. & A. Churchill, 1924. Price 
105 . td, net.) 

The study of disperse systems in gases has had a twofold aspect ; on the 
one hand, it has led to important discoveries in physics and chemistry, and, 
on the other, to a considerable saving of life and money in industry. The 
work of Millikan on the determination of AT and e and that of Lodge and 
Cottrell on the electrical removal of the fogs and fumes produced in technical 
processes may be cited as examples of the two t)rpes of discoveries. 

The author gives an interesting and comprehensive survey of the whole 
subject. On the theoretical side, ho discusses the methods of formation, 
optical properties, stability, and methods of examination of water, metallic, 
and oxide aerosols, copious references being made to the work of Millikan, 
Whytlaw-Gray, and Wells and Gerke. On the industrial side, this informa- 
tion is considered in its direct relation to the phenomena of meteorology, the 
problem of dust explosions, the industrial treatment of fumes and dusty gases, 
the manufacture of substances in a finely divided condition, and, finally, 
the use of smoke in warfare.'* The author is to be congratulated on the 
manner in which he has produced a very readable book from the widely 
scattered information which lay at his disposal. W. £• G. 

bistniiiiaiital Methods ol Cbemloal Analysis. By W. N. Lacey. [Pp. vi 
4 * 95, with 18 figures.] (New York : The Macmillan Company, 1924, 
Price 7s. net.) 

This is an outline of a brief course of laboratory instruction given in the 
California Institute of Technology, It consists of twenty exercises each 
requiring three hours for their completion. Each laboratory period is devoted 
to the use of a particular instrument, and all of the analytical methods have 
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considtsrable technical importance. In the appendix, a scheme is given for the 
allocation of experiments to students under which the time allowed a student 
to finish an experiment is strictly limited. The indexible type of organisation 
proposed is hardly such as will develop the initiative and resource of a student. 

It is difficult to visualise the conditions which call for such a course of 
instruction, for the experiments, with few exceptions, are usually included 
in courses on quantitative analysis or practical physical chemistry. This 
method of teaching is preferable to that of grouping anal3rtical methods in 
one laboratory course. Thus electrometric analysis is best studied im* 
mediately after measurements on electrometric force, extraction analjrsis 
under organic chemistry, and microscopic analysis, fire assay, etc., in the 
inorganic laboratory. 

The book has been carefully prepared, but is not very suitable for use 
in the laboratories in this country, W. E. G. 

Applied Chemistry. By Ira D. Garard, Ph.D., Professor of Chemistry in 
New Jersey College for Women. [Pp. viii + 496.] (New York : 
Macmillan Co., 1924. Price 15s. net.) 

The purpose of the book is to provide a textbook for college students who 
have taken a course in general chemistry, and who are further interested in 
the applications of chemistry and the manner in which it functions in modern 
life. Sufficient organic chemistry is included to make clear those portions 
which deal primarily with organic substances, whilst the chapter upon natural 
and synthetic organic substances constituted a short review of the subject. 

The earlier chapters deal chiefly with the laws and principles of the science, 
the middle chapters (viii to xiii) are chiefly concerned with the question 
of foods and nutrition, the last chapters (xiv to xxii) discuss such varied 
subjects as cleansing agents, leather, rubier, paints, metals, ceramics and 
fuels, whilst at the end is included a series of exercises and laboratory 
experiments to illustrate the course. 

The volume is well written and full of interest, and should prove of great 
value to teachers engaged in lecturing on general applied chemistry, and to 
students desiring to widen their knowledge of the subject. Most of the 
statistics and examples are, of course, taken from American sources, and 
would require to be supplemented by home-grown information to attain 
their maximum value in this country. p, A. M. 

Aniline and its Derivatives. By P. H. Groggins. [^. viii -f 256, illus- 
trated. (London : Chapman Sc Hall, 1924. Price 185. net.) 

It is just on a century ago that Unverdorben first prepared aniline by dis- 
tilling indigo, but to-day aniline is far from being the chemical curiosity of 
1826. Whole industries have been built up based upon aniline and its 
derivatives, such as synthetic dyes, drugs, explosives, flavouring matters, and 
the thousand-and-one products of modem organic chemistry ; the Great 
War could neither have been fought nor won without its aid, and aniline and 
the products of the coal-tar industry have become of sufficient importance 
to merit a section of the Peace Treaty to themselves. It is only meet, rixere- 
fore, that so important a substance should have a special literature of its 
own amongst which Mr. Groggins* work should fill an honourable position. 

Although intended primarily for the technical man it includes much in- 
formation of value to other chemists ; to the student may be commended the 
chapter on ** Cost Factors in Manufacture '* and the verv useful section upon 
the action of acids and alkalies on metals used in chemical operations/' 
which summarises much valuable information collected from various aources» 
whilst for the physical chemist various tables of ph3^ico-chemiGai data 
should be of value. p^ 
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fke (bradstry ol Rubber. By B. D. W. Luff, RI,C., Research Chemist, 
The North British Rubber Company. [Pp. ix + 232.] (London : 
Ernest Benn, Ltd., 1923. Price 255. net.) 

The very great technical signihcancc of rubber is responsible for the existence 
of a large number of books dealing with the industry ; most of these, however, 
sufier horn a common defect, namely, that of tending to over-emphasise one 
or other aspect of the subject, being written either from the planter's, the 
rubber chemist's, or the manufacturer’s point of view ; the result is that, 
as a rule, they present far too much detail in one direction and omit or pass 
lightly over essentials in another. The present author has, however, with very 
excellent discretion, selected just those points which the average reader will 
want to know, and has, moreover, placed them where the reader is likely to 
look for them. The book opens with an historical chapter in which is recailed 
how the original comparatively insignificant use of caoutchouc as an eraser of 
pencil-marks has given this commodity its present name. The second chapter 
IB devoted to latex and its composition and properties ; the next two chapters 
deal with the sources of rubber and give an account of various grades of wild 
and plantation rubber met with in commerce. Successive chapters then 
describe the composition of crude rubber, the physical properties of raw rubber, 
the chemical properties of rubber, and its constitution and “ synthesis," 
vulcanisation, the properties of vulcanised rubber, the factors affecting 
vulcanisation, compounding ingredients, and accelerators. Having thus 
described all the important stages through which the rubber passes from the 
moment at which it issues from the tree, as latex, until it is ready to be 
converted into the various forms of the manufactured article, the author 
has added a chapter devoted to the description of the processes of milling, 
calendering, and the production of rubber articles, proofed cloth, sponge 
rubber and dipped goods, together with the methods employed for vulcanising 
these. The last chapter gives a useful account of the methods of analysis 
of rubber. The book, which is remarkably free from misprints, is very clearly 
printed and well illustrated by twenty odd full-page plates which, owing to 
their size, and method of production, really convey an excellent impression 
of what they are intended to represent. Altogether the book may be strongly 
recommended as providing a very interesting, readable, and informative 
account of one of the biggest industries of the present day. 

P. H. 

OOIII9I0X Salts. By W. Thomas, B.A., M.Sc., Ph.D. [Fp. xi + 122.] 
(London : Blackie & Son, 1924. IMce los, net.) 

Wbenbr may be said to have accomplished for inorganic chemistry that 
which Kekul6 and Van't Hoff accompUshed for organic chemistry. lust as 
Kekul6, by his simple valency theory and benzene theory, enabled chemists 
to represent simply the structure, behaviour, and relationships of carbon 
compounds, so Werner, with his co-ordination theory, introduced an idea 
whi<m has proved equally helpful in dealing with a large number of apparently 
complicated inorganic compounds which the ordinary valency laws failed 
to explain. 

Kekul^'s notions inspired the labours of Petermann, Hiibner, Kdmer, 
Ladenburg, and others who, by their researches on orientation and isomerism 
in the benzene compounds, put his theories on a ffrm experimental basis. 
Similasly, Werner created a school which has been enabled to deal with 
questions of orientation, substitution, and isomerism in metallic compounds 
by much the same methods that have been of so much service in organic 
chemistiy. He further carried into inorganic chemistiy the theories of the 
spatial ratribution of atoms elaborated by Van't Hofi and Wislioenus, by 
demonstrating the existence of optical and geometrical isomerism amongst 
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inorganic compounds. One more result of the theory was the recognitim, 
in inner complex isalts, of rings which include a metallic atom as a member^ 
and which are governed as to stability by the considerations which were 
put forward by Baeyer in his famous strain theo^. Indeed, these complex 
anions and kations of Werner contain large groupings of atoms held together 
by forces sufficiently strong for the chemist to study their structure with 
comparative ease. 

What is the nature of these forces ? What is the essential difference 
between auxiliary and principal valencies ? What is the meaning of the 
co-ordination number ? To ^ve a satisfactory answer to these questions 
has been the chief difficulty of the co-ordination theory. We have been 
compelled, until recently, to have two sets of ideas, in the main unconnected 
with each other. One set we have kept applie.s to organic and simple inorganic 
molecules — the ordinary valency idea ; the other set has been the co-ordina- 
tion idea, which has been applied to complicated inorganic molecules. The 
connection between the valency idea and the co-ordination idea was not 
apparent. Recently, however, the electronic theories of Lewis, Langmuir 
and Bohr have been applied to co-ordination compounds, and we have been 
able to see a relation between these two, seemingly different, manifestations 
of chemical affinity. 

Wemer*s theories are very inadequately treated in the average chemistry 
textbook, and until the recent appearance, in America, of a translation of 
a monograph by Schwarz, the only comprehensive English account of the 
subject was contained in Hedley's translation of the 1908 edition of Werner's 
classical work. Besides being out of date, this is a very difficult book to 
read on account of a bewildering number of headings and subheadings and 
the absence of an index, and it requires a very keen student to extract the 
main ideas from the huge mass of facts which tends to hide them. Ihis is 
greatly to be deplored, since the co-ordination theory is a divining-rod which 
can be used to open up a very rich territory of important research — a territory 
which provides a meeting-ground for inorganic, organic, and physical chemists. 

Dr. Thomas, therefore, undoubtedly performs useful seiVice in providing 
the student with an account of some of Werner's ideas. Since it is impossible 
in a small monograph to survey all the ground covered by Werner and 
Weinland in their books, the author has described briefly two groups of 
complex salts — those with co-ordination numbers four and six. * This has 
enabled him to bring out many of the most important experimental results 
which the theory explains, namely, the various types of isomerism, the 
properties of complex salts, and the factors determining their stability. 
Dr. Thomas has himself carried out important researches in this held, and 
this is reflected in the praiseworthy prominence that he gives to the experi- 
mental side of the subject. The treatment of the subject is somewhat 
unbalanced, and there are notable omissions ; for example, riie S3r8tem of 
nomenclature, the theory of acids and bases, the oxonium salts and the elec- 
tronic theories of Kossel, Langmuir, Lowry and Sidgwick have not been dealt 
with. It is important to discuss the last topic, since these theories throw 
much light on the vexed question of the difference between principal and 
auxiliary valencies. According to the author (p. 1 10), Werner concluded that 
these are identical. He certainly abandoned hope of demonstrating certain 
theoretically posable types of valency isomerism, but he still considered it 
desirable to distingnish b^een the two types, and in the latest edition of 
his work, edited by Pfeifer, and in Weinland's book the distinction is 
maintain^. 

Dr^ Thomas collects together a number of lose ends in chapter xi, which 
is someiirhat unsatisfacto^. One gets the impression from p. 102 that 
the four groups co-ordinated by nitrogen are coplanar. Contrary to the 
statement on p. 106, that the higher the valency of a metal of var3dng 
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vtleiicy, the toore stable the complex, we find that the ferroc3ranide complex 
ii more atable than the ferric3ranide complex, and that, whereas there are 
complex cupra cyanides, there arc no cuprocyanides. Again, the tri-dip3rridyl 
ferrosalts are more stable than the corresponding ferrisalts. It may also 
be fainted out that Duff has recently prepared a cobalt complex salt con- 
taining a succinato ring. 

Students taking a chemistry degree will find this a fascinating and useful 
book which they cannot afford to neglect. 

C. H. S. 

A Fint Chemistry tor Schools* By W. H. Hewitt, B.A., B.Sc., A.R.C.S., 
and S. T. E. Dark, B.Sc. [Pp. viii 316, with 87 diagrams.] 
(London : Methuen & Co. Price 55.) 

The writers of this compendious work have perhaps attempted to satisfy 
too many claims at once. In the first instance, the book is intended as a 
practical course in chemistry for schools ; at the same time, the authors 
have had the interests of the private student in view. This is not by any 
means an undesirable combination of aims. On the contrary, it should have 
produced an excellent text for developing initiative, an aim that the authors 
certainly have had in mind, for they rightly urge in their preface that the 
boys should be led to think out the details for themselves. Unfortunately, 
however, to quote again from the preface, the full instructions that are 
given are intended to save time. Thus, for instance, a whole page is devoted 
to hints as to how to use a pipette. It is true that occasionally the pupil 
is asked to find a reason for the hint, but in many cases it would be far 
better to lead the pupil to discover the need for the hint. Nevertheless, if 
only for its thoroughness of treatment, the book is worthy of consideration 
by science teachers, seeking to give a training in scientific method, 

W. C. B. 

Ohemioal Synthesis. Studies in the Investigation of Natural Organic 
Products. By Harry Hepworth, D.Sc., F.I.C. [Pp. xx -f 243.] 
(London: Blackie & Son, Ltd., 1924. Price 20s. net.) 

At a time when so much attention is being paid either to the purely academic 
or to the technical aspects of organic chemistry, one welcomes a book devoted 
to a description of " the more important investigations which have been made 
by the organic chemist in modem times in the domain of natural organic 
products.'’ These same products do not always receive due consideration 
by the general reader, and it will therefore co*me as a surprise to many to 
see how great have been the advances made during the last few years in 
unravelling some of nature’s secrets ; the various stages in the historical 
development of the subject have been skilfully set forth in the short intro- 
duction which serves to excite curiosity for the contents of the subsequent 
chapters. Opening with a chapter on the photosynthesis of plant products, 
the author proceeds in successive chapters to give an account of chlorophyll 
and other natural pigments, the carbohydrates, lichen products and tannins, 
oils, fats, and waxes, and the terpenes and their derivatives ; next follow 
chapters on amino-acids of pol3rpepudes, some simple natural bases, pyrimidine 
and purine bases, and finally the alkaloids. Owing to the exigencies of space 
parts of the subject have, of necessity, received somewhat inadequate 
t^tment, and others have been little more than hinted at ; but in most 
cases deficiencies have been made up for by the quoting of references. The 
author has an easy, fiowing style, and it must be acknowledged that he has 
produced a very interesting and useful book which can be taken up and 
Tdad with profit at any point. 


P. H. 
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Ihe Simple Oarbohydnitei aad the OhiocMddee. By £. Franklaktd Aitii* 
STRONG, D.Sc., PIlD., F.R.S. Monographs on Biochemistry. Fourth 
Edition. [Pp. xi + 293.] (London: Longmans, Green & Co., X924. 
Price 165. net.) 

In the interval which has elapsed since the appearance of the last edition 
in 1919 the painstaking and fundamentally important work of the St. 
Andrew's School has considerably advanced our knowledge of the con- 
stitution of the carbohydrates. -Ihe preparation and the characterisation 
of all those possible methoxyl derivatives of glucose — the so-called reference 
sugars — has provided a reliable basis for the further elucidation of the con- 
stitution of both the glucosides and the polysaccharides. In these circum- 
stances the author has very wisely included in this volume a new chapter, 
in which he summarises the present state of our knowledge of the three 
pol3r8accharide8 cellulose, starch, and inulin. The discovery of the existence 
of the unstable modihcation of glucose known as y-glucose, and also of 
a y-form of fructose, has already borne fruit, for it is suspected that the y-form 
of glucose is the one normally occurring in blood, while y-fructose is the 
form in which fructose occurs in both cane sugar and inulin. The present 
edition also contains an account of some of the less-known derivatives of 
glucose, such as deoxyglucose and glucosan, whose study has only been 
developed in recent years. For the rest, it is only necessary to say that the 
new edition has maintained the high standard of comprehensiveness and 
accuracy which the earlier editions have accustomed us to. 

P. H. 

Some Studies in Bioohemistry. By some students of Dr. Gilbert J. Fowler, 
D.Sc., F.I.C., Indian Institute of Science. [Pp, iv -f 197,] (Banga- 
lore : The Phoenix Printing House, 1924.) 

As stated in the foreword, the publication of this brochure represents an 
attempt by some of Dr. Fowler's past and present students to mark their 
appreciation of his qualities of head and heart, on the eve of his retirement 
from the chair of Biochemistry at the Indian Institute of Science. The 
compilation consists of a number of short contributions by various authors 
on different subjects. While the complete work forms a graceful tribute to 
a retiring professor, it does not contain much that would appeal to the 
ordinary scientihe reader not directly interested in the Institute. 

P. H. 

Organic 8ynfheses« Vbl. III. By Hans Thacker Clarke, Editor-in-Chief. 
[Pp. 104.] (New York : John Wiley & Sons ; London : Chapman A 
Hall, 1923. Price 7s. 6d. net.) 

The third annual volume of this valuable series is very welcome and organic 
chemists must hope that the publication has met with sufficient success to 
justify its continuation for many years. Carefully tested methods are 
described for the preparation in fair quantities of a further thirty organic 
compounds ; a wide ^Id is covered, and one may indicate the scope of the 
book by mention of eight out of the thirty — acetal, arsanilic acid, catechoh 
diphenylacetic acid, ethyl cyanoacetate, p-nitrobenzoyl chloride, nitro- 
methane, and mercury di-^tolyl. One inorganic preparation included which 
calls for special mention is that of hydroxylamine hydrochloride, as the 
method given is a great improvement on those usually employed. Advantage 
is taken of the fact that sodium hydroxylamine-disulphonate reacts with 
acetone to give acetoxime ; the distillation of this compound in steam and 
its subsequent hydrol3^i8 elimmate the large amount of sodium salts to 
troublesome in the older process. A collective index of the three volumes 
is included. 


O. L. B. 
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Oufiisas ot Foiigi and Plant Di iaai e a . By F. T. Bsnnstt, B.Sc. [Pp, 
xi -I- 254, with frontispiece and 25 plates.] (London : Macmillan A 
Co.. 1924. Price 7s. 6d. net.) 

Thbrs arc comparatively few elementary accounts of fungi which treat of 
just those common types which are either familiar objects or are of economic 
importance. The present small volume is intended to meet this need so 
far as concerns the species causing disease in plants. Its aim is to serve as 
a handbook for the agricultural or horticultural student, and begins with 
an account of the fungal groups on the type system. The types selected 
are Mucor, Pythium, Eurotium, Nectria, Peziza, Saccharomyces, Agaricus. 
and two lichens ; each of these is described in some detail, and the description 
is followed by useful suggestions for practical work. 

Part II treats of about forty of the common plant diseases, such as the 
club-root of cabbages, the blight, scab, and wart diseases of the potato, 
the silver-leaf of the plum, and rusts and smuts of wheat, etc. Three brief 
appendices follow, dealing respectively with fungicides and soil sterilisation, 
fungi injurious to live stock, and an excerpt from the Pests Act. 

The 25 plates and frontispiece contain a large number of figures, which, 
if rather too diagrammatic, should nevertheless prove helpful to the novice. 

E. J. S. 

The Biology of Flowering Plants. By Macgregor Skene, D.Sc. [^. 
xi 4- 523, with 8 plates and 68 text figures.] (London: Sidgwick 
and Jackson, 1924. Price i6s. net.) 

Some idea of the scope covered by this volume is derived from reference 
to the bibliography, where complete citations are given to more than six 
hundred papers referred to in the text. From this it will be gathered that 
many of the results of recent research are embodied in these pages, which 
are mainly concerned with the relation of the individual plant to its environ- 
ment. In the presentation of this aspect of biology Dr. Skene has succeeded 
in writing an account which is at once interesting and instructive. As a 
book for the student it can be thoroughly recommended, as, though the 
writing is at times rather laboured, the meaning is never in doubt. For the 
lay reader it is less suited, since he will find, for example, that a knowledge 
of what is meant by colloidal properties is assumed in the very first chapter, 
which deals with the soil as the source of supply of water and mineral salts 
to the plant. 

From consideration of the soil solution the author leads us on to 
the nature and distribution of root systems, to osmotic pressure and 
abeorbtion. 

The second, and longest chapter, occupying 140 pages, deals with the 
important processes of assimilation and transpiration concerning which so 
much work has been done during recent years. Here we have, passed in 
review, the researches of Blackman on lizniting factors, of Willstatter and 
Stoll on the nature of chlorophyll, Lloyd's investigation on the action of 
stomata, of Lotfield on stomatal regulation, and many others. The third 
chapter is concerned with special modes of nutrition as exemplified by 
parasitic plants, saprophytes, plants with mycorhiza. and insectivorous 
plants. Here reference is made to the work of Kostychew, who showed 
that assimilation of semi-parasites may be as great as in autotrophic plants, 
thus lending support to the view that their parasitic habit is a means of 
augmenting the water absorbtion from their meagre root system. Also to 
the extensive literature on the subject of mycorhizal relationships. 

The next chapter is concerned with the mechanical aspects of the plwt 
as exemplified in their morphological modifications and grosser anatomical 
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features. The last two chapters deal respectively with Reproductioil and 
Dispersal, and Development. Here floral biology is very briefly treated* 
and t^ same is true of seed dispersal. 

It is essentially the ph3rsiological aspects of biology which are here chiefly 
exploited, and the student will in these pages find much to stimulate his 
interest and thought in this direction. 

E. J. S. 

Soil Management. By Firman '*E. Bear. The Wiley Agricultural Series. 

[Pp. vi + 268, with 33 figures.] (New York : John Wiley & Sons ; 

London : Chapman & Hall, 1^24. Price 105. net.) 

The subject of soil management — by which arc meant the cultivation and 
manuring of the soil as distinct from the other major operations of fanning 
— is a very popular one in America. In addition to numerous independent 
books on the subject, nearly every series of agricultural monographs 
contain several, under different titles, of course, but very similar in 
contents. 

One reason for this is the comparative youth of a permanent system of 
agriculture in America — the days of continuous cropping of virgin soil are 
well within living memory, and the development of irrigation farming with 
its host of new and urgent problems in soil management is even more recent. 
Another reason is inherent in the system of organisation of the State and 
Federal Agricultural Service — practical results from investigations are 
expected quickly. Both these causes are apt to lead to a tendency to 
generalise on insuf&cient grounds and to draw a definite conclusion from 
thin evidence. 

It is refreshing to find in the book under review that this danger is recog- 
nised. As it is intended for use in agricultural colleges, and not for the 
advanced student, it is naturally a collection of general statements. But the 
statements are frankly admitted to be of this general nature. The tables 
in the text are given merely as illustrative data, and, although they represent 
only a small part of the experimental work on which the author's condusions 
are based, it is clear from the context that nothing more than a reasonable 
degree of probability is claimed for these conclusions, in so far as they follow 
from the data. This point perhaps needs further comment;, advanced 
students of soils — especially those concerned with soil cultivation — know 
that many practices asserted by the practical man to be of obvious value are 
as yet without adequate scientific explanation or confirmation. In such 
cases, where the “ conclusion " is already stated in terms of practice, there 
is an unconscious temptation to confirm it on the basis of inadequate scientific 
data. The conclusion may be quite correct, but it certainly does not follow 
from the experiment. And soil cultivation problems are not alone in this 
respect ; many — one could almost say most — of the fertiliser experiments 
on whi<^ definite recommendations of quality and time of application are 
based do not stand the test of statistical examination. To be sure of his 
ground the conscientious research worker in agriculture has frequently to 
carry his problem back to the fundamentals — to eliminate for the time any 
idea of producing a practical recommendation until he has cleared up some 
obscure and complex point in soil science. At the same time the farmer and 
the college student need advice and knowledge, not only in the general 
principles of the fanning industry, but in specific details. This information 
has to be given with a due sense of the limitations imposed by the present 
state of scientific investigation in agriculture. The task is not an easy <me, 
and any author attempting it must command a subtle quality of cautious 
intuition. Prof. Bear emerges with considerable success from this somewtet 
unnerving ordeal. 


B. A. Ksbh. 
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Warn SfidiiHon of Mail. EfiMyt by G. Elliott Smith, F.R.S. [Pp. vi + 159, 
with 19 figures.] (Oxford : at the University Press, 1924. Price 
8s. 6d. net.) 

IH the little work under review Prof. Elliott Smith reprints, with certain addi- 
tions, three lectures delivered in 1912, 1916, and 1924, and adds to them a 
foreword in which he states his views of the mutual relationships of the 
various groups included in the order Primates. 

The book does not contain detailed descriptions of the fossil human bones 
which are known, but provides an interpretation of their characters and an 
evaluation of the factors which have led to man's evolution. It thus forms 
a most valuable companion to such books as Boule's Fossil Men and Keith's 
Antiquity of Man. 

Elliott Smith emphasises the fact that it is in his brain and mind that 
man differs essentially from the great apes and from his own ancestors. He 
thus ignores, as a purely secondary problem, those changes in proportion 
which have l^en brought about during the assumption of an upright posture 
and bipedal gait. The shortening of the arms and lengthening of the great 
toe, features on which much stress has been laid by certain anatomists, are 
after all adaptive changes of a type whoso history is familiar to palaeontolo- 
gists: whilst that enormous enlargement of the brain which distinguishes 
man, with all the mental changes which are associated with it, is unique, 
and must form the real subject of any serious study of man's origin. 

From its initiation the group of Primates has undergone a series of im- 
provement in brain structure, each* in turn associated with some special habit 
of life, and of these the development of man's brain is the latest. The re- 
tention of the arboreal habit of early mammals in general by the ancestors 
of the lemurs led to an increased cultivation of those senses which are con- 
cerned with balance and an enlargement of those regions of the brain which 
serve them. The Tarsioids exhibit a further advance in the introduction of 
binocular viscord. The establishment of a mechanism for carrying out 
conjugate movements of the eyes, and of a manila lutea in the retina, by the 
monkeys made possible a more accurate judgment of distance and an appre- 
i^tion of form. 

That use of the fore-limbs for handling food, which is made possible by the 
habit of sitting erect, by encouraging the development of all those senses, both 
tactile and muscular, which are necessary for the carrying out of skilled move- 
ments forms an essential part of the story : for the information so conveyed to 
the brain forms the basis on which, by a long process of education, man builds 
up his power of judging the shape of an object by its visual appearance. 

Finally, the establishment of that auditory s3rmbolisin, which is speech, 
enables man to take advantage of the experience of his ancestors and has 
made possible the whole of civilisation. 

Su^, in brief, are the main pivots of Elliott Smith's argument, brought 
together here for the first time and supported by a wealth of evidence drawn 
fr^ the most varied sources. As so presented, the story of man's origin 
becomes intelligible, it is brought into line with the evolution of other 
mammals, and shown to represent the natural end of primate evolution, 
fiiBt one set of senses undergoing elaboration, another being then added, 
until finally all combine to provide that wealth of sensory information which 
stored in the brain forms that background of experience which enables us 
to appreciate the outcome of our actions and to make judgments of the most 
profitable course of behaviour. 

Prof. Elliott Smith's exposition of this difificult subject is admirably lucid, 
and his delightful style and the excellent illustrations should render the 
book attractive to aU those who are interested in the problems of their own 

D. M. Watson, 
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Bidofy and Hmnan WOtm. By J. £. Pbabqdy and A. E. Hunt. 

X -f 585, with 354 illustrations and diagrams.] (New York : Thd 
Macmillan Company. Price 85. net.) 

From some points of view this work may be regarded as an American com* 
panion to Sir Arthur Shipley's Life, recently reviewed in this journal. The 
economic point of view and a rather materialistic valuation of the life in 
and around us are its most prominent features ; the title of the closing 
chapter, How success in life is won/’ gives the key to the spirit and pur* 
pose of the book. The frequent references to the deleterious effects of 
alcohol, as well as of other drugs, not excluding tobacco, are characteristic 
of the Amencan’s habit of immediately translating scientific knowledge 
into terms of daily application. If only for this element of practicality the 
book is worthy of perusal by English readers, especially teachers. 

W. C. B. 

The Pigmentary Effector Systeiih By L. T. Hogben, M.A., D.Sc., F.R.S.E. 
[Pp. xii 4-152, with 17 illustrations.] (London and Edinburgh; 
Messrs. Oliver and Boyd. Price 105. 6d. net.) 

This volume is the first of a series of biological monographs and manuals 
now in course of publication by Messrs. Oliver and Boyd on those aspects 
of biology which have received most attention in recent years. A number 
of such series have appeared recently in America, and the present one, 
dealing with the work of English investigators, will very acceptable. 

These short memoirs are an outward and visible sign of the modem 
tendencies of biology, and point clearly to the direction in which the science 
is moving. It would seem that the old descriptive morphology has for 
the moment worked itself out, and that the newer generation of workers are 
becoming dissatisfied with the limitations of its methods, for much that is 
now appearing is being won by the weapon of experiment. Some of the 
volumes in the present series are purely physiological, but others deal with 
problems which he near to the point towards which physiology and morpholep 
converge. 

Dr. Hogben's book deals with an aspect of biology which has hitherto 
chiefly been the concern of the systematist and speculative . evolutionist, 
but is here approached from the point of view of physiolo^. It deals 
with the physiology of colour response in animals. 

Most space is devoted to Reptiles, Amphibia, and Fishes. There is also 
a chapter on Crustacea, and a brief appendix on Molluscs. Great diversity 
appears to exist in the mechanism of colour response in these different 
groups. In Reptiles the evidence points to the adrenals as the organs 
involved. In Amphibians, chiefly through the work of Dr, Hogben, the 
hy^physis cerebri has been shown to be essential to normal colour response. 
Only in fishes does there appear to be satisfactory evidence that the nervous 
system takes an essential part. In Crustacea the effectors themselves, and 
the influences governing them, are much more complex than in the other 
groups, and our knowledge is chiefly confined to that derived from a study 
of the responses normally called forth by natural stimulation, an aspect in 
which Dr. Hogben seems to be less interested thsm in the internal mechanism 
by which they are effected. 

The pigmentary effectors of Molluscs differ totally from those of the 
other groups discussed in this book in possessing true muscular elements, 
but our knowledge of their physiology is still very scanty. 

Dr. Hogben writes in an admirably terse and lucid style, and his book 
contains some valuable critical discussions on the supposed 83nmpathetic 
innervation of the receptors in Amphibia and mi the supposed analogy 
between the action of certain drugs on the pigmentary receptors and their 
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possible innervation* The book also contains some interesting suggestions 
on the light thro^ on the nature of receptors in general by these studies 
on those of the pigmentary 83r8tem. There appears to be a word omitted 
alter anterior ** on the fifth line from the bottom of p. 122. 

J. H* W. 

flrowflu By G. R. DE Beer, B.A.. B.Sc., F.L.S. [Pp. viii + 120, with 
frontispiece, 7 plates, and 17 illustrations.] (London : Edward 
Arnold & Co., 1924. JWce 7^. 6d. net.) 

Round the special problem of growth Mr. de Beer has succeeded in writing 
a very readable introduction to elementary biology. The book is intended 
for the general reader, and technical terms are avoided as far as possible* 
A great many have inevitably crept in, and some might with advantage have 
received more extended elucidation. The first seven chapters are, none the 
less, lucidly written from the point of view of the general reader, and will 
be read with profit even by regular students of biology, for they contain 
much that is too often scantily treated in student textbooks. These chapters 
deal with concrete examples of growth and development in animals and 
plants, and with the phenomena of regeneration, asexual reproduction, and 
abnormal growth. 

The remaining chapters are less satisfactory. They deal with the results 
of modem methods of approach to the problems of growth and, consequently, 
with results that must be accepted critically and tentatively. This aspect 
does not seem to us to have received sufficient emphasis. In chapter viii, 
** Causes and Nature of Growth," we pass from the hypothetical *' genes " 
of modern Mendelian investigation to parthenogenesis, enzymes, and modes 
of nutrition in animals and plants in a rather disconnected fashion. In 
chapter ix the conclusions of Sand and Steinach are stated as established 
truth, with no mention of the critical work of Moore. The eleventh chapter, 
on Size," and the environmental conditions which limit it, is good, and 
calls attention to a great number of interesting facts and correlations. 
Chapter xiv is valuable in calling attention to the work of Child on " axial 
gradients." The inorganic analogies with growth are presented in chapter xv 
with more caution. In the concluding chapter the author defines his position 
as one "steering between * materialism ' and 'vitalism,'" and calls it 
" mechanism " ; but, as these terms are not defined by the author, it is difficult 
to determine exactly what is meant by them, for, like "socialism," they 
have been applied to such diverse conceptions as to mean almost nothing. 
It would seem, from what he says on p. xx2, that Mr. de Beer's views difier 
from those of mechanists, as that term is commonly understood; but 
" mechanism " and " materialism " are frequently employed as though 
they were synonymous. A new term is wanted to define the position mid* 
way between the overweening confidence of " mechanism " and l^e impotence 
of ** vitalism," or of much to which that term has been applied. The term 
" materialism " is so vague and has been used in realms of thought so far 
removed from biology that it is best avoided altogether in biological 
, literature. 

Mr. de Beer has done a valuable service in bringing together in a small 
compass a great many important new facts bearing on the fundamental 
promems of biology. His book will fill a place on our shelves too long left 
vacant. It will bring to the notice of students of biology some of the most 
vitsi parts of their subject, and it will provide a starting-point for those 
who wish to pursue the problem of growth further, since it contains in an 
appendix an extended bibliography of references to recent papers, in addition 
to more general references at the end of each chapter* 

J, H, W* 
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Btrts In Lan«nd, fUitot and FoUotn. By EnNm iNosRsotL. [Pp. v *f 
292*] (New York and London: Longmans, Green St Co., 1923. 
I^ce J2S, 6d. net.) 

The author of Birds in Legend, Fable, and Folklore has successfully brought 
together a most astounding assortment of fables concerning birds. It 
would be quite impossible to attempt even an inadequate outline of so 
great a variety, but the book is one of continual surprises. Perhaps the 
greatest of all concerns the crow^ that arch-thief and vagabond, revil^ and 
hunted down by farmers and sportsmen the world over. For he was, once 
upon a time, w^te I And he was, also once upon a time, deemed sacred ( 

Mr. IngersoU avoids the general field of mythology, trespassing only 
here and there. Whilst he evidently tells his ancient stories in the spirit 
of an unbeliever — from his tone one knows, for instance, that he does not 
believe that the crow was ever white, either in body or in soul — yet he seems 
to come dangerously near accepting some more m^em fables. Thus, he is 
quite sure that an early autumn migration portends a severe winter. 

References to ornithological facts are, on the whole, infrequent, but by 
no means free of error. Whimbrel and Curlew are not one and the same 
thing : the barred plumage of the Snowy Owl is not the summer plumage 
but the perennial female attire ; Branta bernicla is not supposed to breed in 
Spitsbergen : it does breed there. 

But these are negligible flaws in a most entertaining volume, filled with 
information that has been assiduously and laboriously unearthed from the 
archives of all nations. It is a monument to human credulity as well as 
to a universal regard for the feathered hosts of the earth. It can be heartily 
commended to any and all who take an interest in birds. 

W. R. 

The Persgrine^s Saga and other Stories of the Ooniitry Green. By Henry 
WiLUAHSON. [Pp. vii + 301, with illustrations by Warwick 
Reynolds.] (London : W. Collins & Sons, 1923. Price 75. 6d. net.) 
This book of animal stories differs in some essential respects from other 
similar volumes. For one thing, most of the tales have an unfortunate 
ending. This is no doubt as it should be if the pictures are to be true to 
life, where the happy ending is a rare event. But there is something beyond 
that in many of them — ^the gruesome touch of le grand guignol. Perhaps 
this is also as it should be, but we hope not. 'The knighted squire who 
gleefully releases a deliberately blinded peregrine to avenge himself for raids 
on his pet pigeons, or the pauper who fizzes to death after his last meal of 
rat and owl, can hardly be every-day personages. 

The aut^r has an easy and vivid manner of recounting his tales, and is 
evidently on intimate terms with the wild life of the countr^de, Althou^ 
his interpretation of animal actions is distinctly anthropomorphic, he takes 
but few liberties with facts. If his raven does live to become a centenarian 
and his peregrine stoops at pigeons at two hundred miles an hour, and he 
mates his carrion crow with a rook, these are perhaps legitimate liberties^ 
for they concern the heroes of stories that are exceptionally well told. 

W. R. 

Protopliinsdo Aetfam and Kerfons AoUon. By Ralph S. Lilux. [Pp. 

xii + 4x7.] (University of Chicago Press, Chicago, Illinois, 1923.) 

Mr. Lilub represents the American school of what he himself might peihaps 
describe as synthetic biology. It is his contention that, whilst the analytics 
method has contributed fundamentally to the rapid march of physioloaical 
knowledge, there is in the synthetic approach a method of great value which 
has rather languished in ne^ect. It is not sufficient to analyse the reactions 
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wbi^ miite to comprise life ; it is necessary to investigate the very organisa- 
tion» the integration of activities, by which life perpetuates its own vitality. 
The l^er half of the book discusses the intimate nature of cellular 
organisation. Having conceived protoplasm as a polyphasic hlm>partitioned 
s;ratem, the author devotes much consideration to the relation of surface 
phenomena to the stability, permeability, and irritability of the system as 
conditioned by interfacial changes. The cell becomes a convenient rather 
than a fundamental unit of protoplasm. The discussion follows that of 
H5ber in his classical Physikalische Chemie der Zelle und der Cewebe — an 
authority which Mr. Lillie suitably acknowledges. Catalysis and the modih- 
cation of response to stimuli receive consideration on the same lines; 
the last X50 pages are devoted to nerve transmission as the special case of 
vital intercommunication. It is in these chapters that the more original 
contributions of the author will be found. 

Whilst the book is somewhat reiterative, its object a little obscured by 
a too generous embrace, it contains a mass of material not elsewhere collected 
in our language in one cover. It can hardly fail to stimulate the zealous 
biologist to some hard thinking. 

R. K. C. 


The Evolution and Distributfon of Fishes. By J. M. Macfarlane, D.Sc., 
LL.D. [Pp. vi + 564.] (New York : The Macmillan Co., 1923. 
Price 25s. net.) 

The writer of this most interesting book has already given us in The Causes 
and Course of Organic Evolution the foreshadowing of his theories on the 
evolution and distribution of fishes, which are elaborated in the present 
volume. The main contention that organisms originated in fresh water is 
supported by much detailed geological evidence with regard exclusively to 
fishes, this subject occupying ^e greater part of the work. Showing as they 
do the life and environment of the ancient fishes and their relationship with 
plants and other animals, these chapters are the work of a true naturalist 
who has for years obviously delighted in following up such a subject and 
who has himself collected and weighed much of the information on which 
his views are based. 

The author believes in the theory of the origin of fishes by direct descent 
from the Nemertinea, adding a good deal that is new to the points previously 
made by other workers. As, however, admittedly no fossil worm belonging 
to this group has yet been found, the subject is highly speculative, although 
we have in the nemertine an animal with most of the essential organs from 
wlMch a simple vertebrate might be derived without too much upsetting of 
its anatomy. The caution of Hubrecht, who is quoted in chapter iii, is 
perhaps the safer attitude. 

The origin of petroleum, another extremely interesting subject, is accorded 
a special volume of its own {Fishes, ike Source of Petroleum, by the same 
author), but a good deal is included here. The view is taken that fishes, 
killed suddenly by earthquakes, volcanic eruptions, or catastrophes of a 
similar nature, are almost wlu^ly responsible for the enormous reservoirs of 
petroleum occurring in many parts of the world, nearly all of which, up to 
the Liassic period or later, he affirms to be of fresh-water origin, only those 
of later date being marine. 

Finally, the Tanganyika problem is reviewed, and the opinion given that 
all the fiwes found in the lake are derived, not from marine, but f^m fresh- 
water ancestors. 

The illustrations given above show only a small part of the scope of this 
book, which is full of suggestive points tending to stimulate the worker to 
iwtim investigations. 

Mahib V. Lbbooiu 
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Big 0 «itte and Vjguim. By Cutrbbrt Christy, M.B., C.M. [Pp. xxxi *f 
313, with 120 illustrations from photographs and skatdiea and t 
map.] (London; Macmillan Sc Co., 1924. Price 2xr. net.) 

This book by a scientific naturalist helps to supplement our meag^ know- 
ledge about the remarkable fauna of Centtm Equatorial Africa. Mr. 
Alexander Bams has already given us two books dealing with the same 
subject in this region, but the more light thrown on these forest tracts, remark- 
able as the haunt of wonderful beasts such as the okapi and the great anthro- 
poid apes, the gorilla and chimpanzi, is alwa3r8 welcome, and doubly welcome 
when such a careful scientific observer as Dr. Christy gives us his varied 
experiences. The information in this book is chiefly based on his note -books 
and journals, and his name is sufficient guarantee for the accuracy of the 
details. All lovers of the grand fauna of Africa will be delighted to learn 
that the author is of the opinion that the number of elephants is far from 
diminishing; but, as one would expect, the big tuskers are rapidly being 
killed. The classification of the elephant is not an easy problem, and he 
is not in agreement with the late Mr. Lydekker's classification based on the 
external ears, but until some better one is made this will probably be accepted 
by most mammalogists. He himself prefers to divide the African elephant 
into the two t3rpes : (a) Forest, and ( 6 ) Bush animals. As these two types 
live under very different conditions and never intermingle, they remain 
distinct. The Forest t3rpe, according to the author, stands on an average 
2 to 3 feet lower at the shoulder than his bigger brother, and has several 
minor points of difference, such as more and longer hair on the body, more 
divergent tusks, black and supple skin, and large and rounded ears. No 
less than five chapters are devoted to the elephant, and all of them are full 
of interesting details. 

The white rhinoceros seems to be in a bad way, according to Dr. Christy, 
especially in the Sudan; but the reviewer is under the impression that 
steps have already been taken to preserve this species in future as far as the 
territories under British protection are concerned. It is, however, to the 
Belgians we must look for the preservation of the greater number of the 
more interesting forest fauna with which Dr. Christy’s book deals, and from 
reliable sources one hears of greater restrictions being placed by the Congo 
authorities on the slaughter (it can be called nothing else) of such rare forest 
animals as the two species 01 gorilla and the chimpanzi. 

The author devotes four chapters to the African buffaloes, and these, 
from a zoological standpoint, are probably the most valuable contribution 
he makes to our knowledge on the fauna of Africa. Taking Lydekker’s 
two main groups, he shows how the first or the Eastern and Southern 
group is quite distinct and lives under very different conditions from the 
second, or Western group. Of the latter he describes six distinct local 
races. With the photographs of the heads and horns of the different 
types these chapters are a very valuable addition to our scrappy 
Imowledge of the distribution and local variations of the different races oi 
buffaloes. 

It is pleasing to hear that the chimpanzi is extremely abundant in the 
Congo forests, but from the little information available the same cannot 
be ^d of the gorilla. It is earnestly hoped that the Belgians will finally 
put a stop to the senseless slaughter of these anthropoid apes, whether fcv 
museums or not. Book after book relating the exploits of travellers and 
hunters in these Central African forests record the destruction of numbers 
of these apes, and the restriction, if not the complete stoppage of this slaughter, 
is long dverdue. 

Interesting chapters on the Bongo, the greatest of the forest antelopes, 
the aardvark, the various duikers in which the forest abounds, all contribute 
largely to our knowledge of these animals. Dr. Christy, if not the first 
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white man to track and shoot the okapi, certainly was the first Englishman 
to do so. He gives us a good account of his arduous experiences, and one 
realises that the okapi, thanks to its protective coloration and the nature 
of its habitat, is probably safer from extinction than any other of the larger 
denisens of the mrest. The Bambute pygmies, wonderful trackers as they 
are, armed only with spears, have done littie harm during the past ages, and 
unless armed and taught the use of modem rifles are not likely to affect 
the numbers appreciably. Chapters on smaller mammals, forest birds and 
insects, fishes and fish collecting, skinning and preserving specimens with a 
very interesting account of the Ituri forest and the Bambute pygmies com- 
plete a very good book. The photographs and maps are excellent, while 
a learned introduction by Sir Harry Johnston, the discoverer of the okapi, 
whom the present reviewer first met in Uganda shortly before his return 
to England bearing with him his first pieces of okapi skin, enhances the 
interest of this valuable addition to our knowledge of the fauna of Africa. 

R. £. DRaKB*BROCKMAN. 
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Primeval Man in Central Europe. By Prof. Dr. P. Goessler. [Pp. 87, 
with 40 plates.] (Stuttgart : Franck*sche Verlagshandlung.) 

This book purports to describe the history of mankind in Central Europe, 
from the da)rs of the ape-man of Java to those of the Slavs who entered 
Eastern Germany in the Early Middle Ages. The work consists of a series 
of plates (with descriptions), each of which illustrates — so far as is possible — 
the arts and crafts, habitations, burial-places, and skeletal remains of the 
various races of antiquity. Prof. Goessler is not at his best when dealing 
with the earliest vestiges of man. In fact, a perusal of the volume under 
review demonstrates that it adds yet one more to the already long list of 
books on early prehistoric man, written by people who do not understand 
the subject with which they deal. After denying that the discovery of the 
remains of Pithecanthropus in Java furnishes any proof of the existence of 
man in the Tertiary epoch, Prof. Goessler states (p. 8) : " No more is this 
proved by the eoliths, the stones of the dawn of human culture . . . 
which have been considered by many as purposely made. . . .** And again 
(p. 8) : ** But pieces, such as reproduced in Figs. 14 and 15 from the Miocene 
of Aurillac owe their retouches to natural causes, as, for instance, the transport 
in the water, the glacial ice, the breakers of the sea.'' It is difficult to write 
with becoming calmness of dogmatic and unsupported statements of this 
kind. It is evident that Prof. Goessler is simply unaware of the later 
researches carried out in regard to what he lightly terms " eoliths." The 
time is now past when these specimens can be dismissed, summarily, by 
the mere assertion that their forms and flaking are due to such nebulous 
agencies as " transport in the water, the glacial ice, the breakers of the sea." 
No one is justified in writing upon this important matter who is not familiar 
with flint fracture, and with the manner in which flint implements are 
made. And when, on p. 12, we read that the earliest palaeoliths are produced 
" from flint of chalk ... by knocking ofl the crust," it becomes clear that 
it is not possible to regard Prof. Gorier as an authority on early flint 
implements. 

He is, indeed, still in the " dark ages " of prehistory. For sheer archaeo- 
logical nonsense the following statement (p. 20) is, I imagine, almost unique : 
" From England also comes Eoantkrc^us dawsoni, found in Piltdown 
(Sussex), ^^e latest investigations make it appear probable that it belongs 
to the same human race as the man of GaUey Hill, i.e. to that of Aur^nac " 
(my italics). Jt would be of interest to know where the results of these 
latest investigations " are published, and who is the person responsible 
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for relegating Piltdown man to Upper Palaeolithic times. The descripUott 
of each plate is given in indifferent English^ as well as in French and Gennan, 
and it is evident that much trouble has been taken over the compilatkm of 
this work. The illustrations themselves are moderately good, and the 
later periods of xnan's history in Central Eui^pe are treated, fortunately, 
in a more adequate and reliable manner than are those of early prehistoite 
times. 

J. Rbxd Moxr. 

Ancient Hunters and their Modem Bepresentattves. By W. J. Sollas, 
F.R.S. Third edition. [Pp. xxxvi -f 697, with 2 plates and 368 
illustrations.] (London : Macmillan & Co. Price 255. net.) 

The third edition of Ancient Hunters is not — in its main features — greatly 
different from the two earlier impressions. During the past few years a 
number of important discoveries relating to prehistoric man have been 
made in various parts of the world, and Prof. Sollas has done well in gathering 
together in his popular book some account of this newly acquired knowledge. 
Thus, we find in this work, an abbreviated description of certain flaked 
flints— claimed by some investigators as being intentionally shaped — from 
the very ancient Upper Miocene deposits of Auhllac in France; of the 
evidence for the existence of Pliocene man in East Anglia, England ; of the 
puzzling and remarkable human skull and bones from the Broken Hill Mine 
in Rhodesia, South Africa, and of the cavern of Montespan in Southern 
France, where clay models of animals of Upper Palaeolithic age have been 
found recently by M. Casteret. 

For many years past Prof. Sollas has been an active opponent of those 
who believe that man was present on this earth in the remote Tertiary period, 
and it is, therefore, of interest to note, in the latest edition of Ancient Hunters, 
that, while many of the old, and, it is necessary to state, fallacious, arguments 
against this belief are quoted, yet, by means of certain paragraphs in the 
text, and by footnotes, the impression is conveyed that his attitude to this 
question has, of late, undergone considerable modification. It is not possible, 
however, in reading this volume, to decide whether Prof. Sollas accepts 
the evidence in favour of the existence of Tertiary man,— or whether he does 
not. And it is doubtful if his uncertain petition on the hedge ifidll satisfy 
either those who believe in the value of this evidence, or those who regard 
it as unsatisfacto^. But, perhaps, in the next edition of Ancient HurUefs, 
a definite line will be taken upon this very important and fundamental 
question of the greater antiquity of man. 

Prof. Sollas is a believer in liie Early Chellean age of the flint implements 
found in the Cromer Forest Bed — a deposit he regards as of Pleistocene 
age — and he does not hesitate to relegate the famous jaw-bone of the 
Heidelberg man to the same geological horizon and cultural stage. The 
inter-glacial age of the Lower Palaeolithic implements of England is also 
recogiibed. 

The book contains one or two printer's errors, ms, for example, in foot* 
note 2, on p. 643, where ** divided " fossil should read ** derived fossil. A 
graver mistake &, however, made in the photomph of the section in the 
pit at Foxhall Hall, near Ipswich (Fig. 41), where the uppermost imple* 
mentiferouB \eve\ is shown, erroneously, as occurring at the junction of the 
glacial gravel with the underlying Red Crag, while the lowermost, which is 
located a few inches above the floor of the pit— and clearly deHneated by a 
line drawn with a trowel— is not indicated. The letter a in Fig. 41 should' 
replace the letter b, while the latter should bo placed at the level of the 
lower troweMine in the photograph. 

J. Reid BCooi, 
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Mm Xntrodoetton to the Staij of SeoroUoii. By Swalb Vincbnt, LL.D., 
D.Sc.« M.D., F.R.S.(£d.), etc. [Pp. z68, illostrated.] (London: 
Edward Arnold, 1924. Price los. 6 d,) 

Amongst writers and workers on the organs of secretion Prof. Swale Vincent 
has alwa3rs been conspicuous by his condemnation of the extravagant claims 
put forward as to the powers of the “ internal " secretions of the body. 
His attitude is well expressed by the two quotations he puts at the beginning 
of his book : 

'' Another error is an impatience of doubting and a blind hurry of asserting 
without a mature suspension of judgment ... if we begin with certainties 
we shaU end in doubts ; but, if we begin with doubts, and are patient in them, 
we shall end in certainties.** — Bacon, Advancement of Learning, 

** Es ist schwer, genau und fein zu beobachten, aber noch schwerer, aus 
dem Beobachten nicht mehr zu folgem als es enth&lt.** — ^Ehrenbbrg. 

Adopting this attitude, he has examined in this book the main facts of 
secretion in varying organs and organisms in an attempt to ascertain how 
far they may be regarded in the different cases as being capable of explanation 
along similar lines, and has produced a very interesting survey of the subject. 

The author gives an account of the secretions more usually described, 
water, digestive juices, urine, milk, tears, secretions of the skin, and of the 
** internal ** secretions. But he also gives, in the part of the book likely to 
be most attractive to many readers as covering newer ground, accounts of 
secretions much less usually dealt with, such as the secretion of silk and 
similar substances as exemplified in the production of spiders* webs, of 
poisons used by animals for defensive or offensive purposes, of the inky 
fluid poured out from the ink-sac of some cephalods and of luminous sub- 
stances. 

This gives a touch of freshness and originality to the treatment of this 
much-discussed subject which is very welcome. 


The Endocrine Organs, An Introduction to the Study of Internal Secretion. 

By Sir E. Sharpey-Schafer, LL.D., D.Sc., M.D., F.R.S. [Pp. ix 4- 
176, with numerous illustrations.] (London: Longmans, Green & 
Co. Price 15s.) 


A BOOK by Sir E, Sharpey-Schafer on the Endocrine Organs is sure to be 
a book worth possessing, and this second edition of the work first published 
in 1916 (the issue of which was sold out in three years) is most welcome, 
and has been eagerly waited for. 

A great deal of work has been done during the last ten years in connection 
with &ese structures, and, though some of it has been unsatisfactory and 
unscientific, much remains as work that must be considered, and no one is 
better qualified for its critical examination and sifting than Chafer, himself 
one of the earliest and most brilliant workers in this field. On account of 
the increase of material the new edition is in two parts, the first, the one 
under review, dealing with the th3rroid, parath3nroids and suprarenate. It is 
admirable in its arrangement, and in its selection of material, and is of greater 
use to the student than the earlier edition, not only on account of its enlarged 
content, but also because it includes references to books and papers wmch 
are the sources of the more important i^u^ts. 

Accounts of the functions of these glands have an immense attraction 
lor the general pubhc and this has led to the appearance of books and articles 
which have accepted indiscriminately sensational claims for even greater 
powers than these organs can exercise, great though these are, in the chemical 
mtegmtion of the body. This makes the more valuable a book, the work 
of a keen and critical i^d, which, though written for the student of medicine 
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and physiology, presents the problems and functions of these organs la a 
manner which will make the book of great interest to students of other 
sciences who are attracted by the story of these wonder-working organs. 
The demand for Part II of tl^ work is very great, and it is hoped that its 
appearance will not long be delayed. 

The Parathyroid Olaads in Relation to Disease. By H. W. C, Vines, m:.A., 
M.D. [Pp. viii 4- 128.] (London : Edward Arnold, 1924. Price 
los. 6d.) 

Although most of the endocrine organs have been dealt with in books 
devoted to each particular organ, this is the first time the parathyroid glands 
have been so honoured. This is perhaps not to be wondered at since these 
glands were only identified as separate structures in the year 1880, and even 
recently there were clinicians and surgeons who denied them any activities 
apart from the thyroid with which they are usually so closely associated 
anatomically. 

The author, after a general survey of the earlier work on the connection 
between the parathyroids and tetany, deals chiefly with the relations between 
these organs and calcium metabolism, and gives an account of the beneficial 
effects of parathyroid therapy in certain cases which he regards as being 
largely due to disordered metabolism of this element. He claims success for 
this treatment more particularly in those cases, such as varicose ulcers, and 
ulcers of the stomach and intestines where the ulceration is, he thinks, due 
to a sepsis which in its turn is due to, or at any rate easily produced in, the 
presence of an underlying state of nutritional deficiency marked by a quali- 
tative though not a quantitative change in the calcium content of the blood. 

Further observations are no doubt necessary for the complete substanti- 
ation of these claims, but it is always interesting to read a book expressing 
the convictions arrived at by an able and enthusiastic worker in a field to 
which he has devoted himself, even though the interest may be tempered 
with criticism. 

The Mechanism of the Cochlea : A Restatement of the Resonance Theory 
of Hearing. By G. Wilkinson, F.R.C.S., and A. Gray, F.R.S.E. 
[Pp. XX + 253.] (London: Macmillan & Co., X924. Price 125. 6i. 
net.) 

After stating the elementary principles of resonance, the authors discuss 
the properties peculiar to the cochlea, treated as resonator. Good use is 
made of Dr. Gray's discovery of progressive increase of bulk and density in 
the spiral ligament from apex to base, in showing that the basilar fibres are 
graduated as to tension as well as to length. When they suggest that the 
fibres are also graduated for load, by two columns of fluid extending from each 
segment of the basilar membrane to the two '* windows,'* they are treading 
on more debatable ground, and it is scarcely surprising that in the very 
intricate and delicate model, made by Mr. Wilkinson, the observed resonances 
are far from the values calculated from their formula, the dimensions of 
which, by the way, are not balanced, so that it can numerically true 
only for loads of a liquid of unit density. There follow chapters describing 
other cochlea models, and the nerve mechanism of hearing, in which another 
good point for the theory is scored with the Principle of Maximum Stimulation. 
The last chapter — which would have been better first, as it is several times 
referred to in the body of the work-^riefly describes the various theories 
of hearing. 

In s{Hte of errors on the physical side, the book forms a readable first 
treatise on the subject. 

E. G. R. 
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Skt nqrridogy ol Kvtoiilir Bxerdse. (Monographs on Philology.) By 
the late F. A. Bainbridgb. M.A.^ M.D.. D.Sc., F.R.S. Second edition 
revised by Dr. G. V. Akrep, M.D., D.Sc. [Pp. 226, with 23 diagrams.] 
(London : Longmans, Green & Co.. 1924. Price 105. 6 d. net.) 

It is probable that the day of the authoritative textbook to a whole science 
is pasiiing or past. It is certain that the many series of monographs on 
special branches of a particular science which now exist usurp an increasing 
attention of teacher and student. Where progress outstrips the agility of a 
single author, only the team represented by the body of able monograph 
writers can hope to keep the pace. 

It is pleasant to be able to welcome unreservedly a new edition of the 
late Prof. Bainbridge’s comprehensive work on the physiology of muscular 
exercise, and we are grateful that the care of the book has fallen, through 
the lamented death of the author, into hands so discriminating as those of 
Dr. G, V. Anrep. It is the modest claim of the editor that he has sought 
to preserve the general character of the original — in which course we deem 
him wise — whilst the subject-matter of several sections has been expanded 
to embrace new work. The expansion has been generous and shrewd. 
The new material includes that of A. V. Hill, Lupton, and others on the 
intimate nature of muscle contraction and the verification on man of the 
experimental investigation of the isolated muscle. The discussion of the 
circulatory changes in muscular activity is extended by a consideration of 
Krogh*s work on capillaries, and much new material is to be found in those 
sections dealing with respiration during exercise. The relation of muscular 
activity to the acid-base equilibrium of tlie body has been particularly well 
treated. 

Whilst the monograph is of profound academic interest, it is to be empha- 
sised that the original was written from a practical standpoint to assist the 
physician and all interested in the health of the community. The after-efiects 
of exercise, the effect of high altitudes, of physical training and of fatigue — 
these questions deserve chapters to themselves. 

This able monograph has been ably edited and demands anew the attention 
of the physiologist and of the hygienist. 

R. K. C. 


Ihe Teehniqne ot Tissue Ooltnre in Vitro. [Pp. do, illustrated.] (Price 
75. 6d. net.) 

Tissno Oatturo in Relation to Growth and Differentiation. [Pp. 5^* with 
4 plates.] (Price 55. net.) 

Both by T. S. P. Strangeways. (Cambridge : W. Hefler & Sons, 1924.) 

The appearance of a practical manual on tissue culture is very timely. The 
fascinating labours of Harrison, Carrel, Burrows, and others during the last 
eighteen years have but served to show the immense possibilities of this 
new technique which, in its extreme delicacy, will yet suffer much further 
refinement. At the same time, the progress has been such that the attention 
of the larger body of physiologists is now imperatively demanded. 

The assembly and sterilisation of apparatus, the preparation of the 
medium, the implantation of the tissue, and the intra-vitam staining of 
cultures are described with such detail as to satisfy even those wholly un- 
familiar with aseptic manipulation. The book does not carry the student 
far, it being the intention of the author that these preliminary exercises 
AovM first be mastered and that the worker should then turn to the original 
papers for the more elaborate technique. The main disadvantage of this 
b ftat the ph3^ologi8t may fail to realise that tissue culture is feasible on 
a icala much grander than that defined by the limitations of a cover-slip. 
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Till he is persuaded that he can handle such material in bulk you are not 
likely to hold his close attention. 

In the second of the books noted above l/Lt. Strangewa3r8 contributes a 
very careful description of the sequence of changes obsm^ed during mitotic 
division in vitro. This process is held to be the immediate reaction of the 
cell to an environmental stimulus, so that growth may be regarded as an 
accidental concomitant of mitotic division rather than its predetermining 
cause. The dedifferentiation of cells of in vitro cultures is not fundamenti^ 
for the latent potentialities can be revived by suitable means. Since, by 
means of X-rays, cells are capable of modification, the modified cells con- 
tinuing to breed their like, and since cells are most susceptible to modification 
during mitosis, it is suggested that environmental factors incident upon 
cells during mitosU may ^ responsible for the phenomena of difierentiation. 
A final chapter discusses tissue culture in relation to inflammation and 
repair. 


Humin Physiology: A Praottoal Couno. By C. G. Douglas, 

M.C., D.M., F.R.S., and J. G. Priestley, M.C., D.M. [Pp. ix + 23a.] 
(Oxford : at the Clarendon Press, 1924. Price 125. 6d. net.) 

The present century has witnessed a notable development in experimental 
methods for the investigation of ph3rsiological problems in the normal man. 
With the refinement of chemical and physical technique which has been 
eflected it is possible to set the student to confirm many of the fundamental 
conceptions of our science working on himself as subject. Clearly this 
ofiers the double advantage of ensuring a careful personal interest in technique 
and of emphasising the interrelation of physiological and pathological data. 
It is fitting that the high tradition of the Oxford school in this field, under 
the inspiration of Prof. J. S. Haldane, should be associated with the most 
complete attempt to teach practical human physiology. This book now 
oflers to teachers and students alike the experience of the honours school at 
Oxford, and, whilst imitation may make too great a demand on the equipment 
of some laboratories, there will be few which will not be persuaded to make 
some use of the experiments so carefuUy and concisely described. 

Respiration and the total respiratory exchange, the analysis of the blood- 
gases, circulation, and the X-ray examination of the alimentary tract are the 
subjects most completely dealt with. The chemistry of ttie blood and 
urine receive some attention, but we think the authors wise in refraining 
from an attempt towards completeness in this respect, and instead directing 
the student to those excellent metabolic studies in Hawk's Physiological 
Chemistry, 

Teachers and advanced students will both welcome this publication, 
and the research worker is likely also to be grateful for a connected account 
of the technique of the traditional school on respiration. 

R. K. C. 

(flviUiatloii and the Horobe. By Arthur 1 . Kendall. [Pp. xviii 4- 231.] 
(New York ; Houghton Mifflin Company. Price 2.50$.) 

Although Louis Pasteur and his predecessors began the study of bacteria 
with the investigation of non-parasitic organisms, the early discovery, by 
Pasteur and Duclaux, of the connection between micro-organisms and 
disease soon caused this specialised field of bacteriology to develop in a 
manner out of proportion to the rest of the subject. As a consequence, tlie 
stud;^ of bacteria began, in its earlier stages, to develop as a science espec^y 
apphed to medicine. It is not surprising, therefore, to find, in the popnkr 
mind, the impression that micro-orffanisms are the enemies of homui^. 
More recent advances in the study of bacteria in soU, in dairy produdi^ and 
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ibi connection with industrial processes, illnstrates how misguided and 
dtte*aided is this still common belief. The author has set out, in a non- 
technical review of our present knowledjge of the activities of micro-organisms, 
to show his readers something of the benefits which humanity derives from 
the activity of micro-organisms, and to bring the large number of beneficial 
or harmless bacteria and the small groupibf harmful species in their proper 
focus in the reader's mind. 

The book commences with a description of the nature and method of 
nutrition of bacteria, and the author illustrates, in a graphic manner, the 
importance of their rapid multiplication and of the ratio of surface area to 
the mass of a bacterial population. The energy relations of bacterial nutrition 
and the importance of the source of energy supply are well described. This 
is a very important subject, usually given too little emphasis in treatises on 
bacterial activity. 

The author deals with the vital importance of the bacteria in the soil, 
and shows how the activity of the nitrogen-hxing bacteria is vital to the exis- 
tence of life on the earth. In a book characterised by its good sense of 
proportion, it is unfortunate that the equally vital processes of cellulose 
decomposition and the oxidation of organic nitrogen compounds to produce 
nitrate are scarcely mentioned. The r 61 e of bacteria in the puriheation of 
sewage and in dairy products, and their usefulness in various industrial 
processes, such as tanning and the setting of flax, are considered. The book 
finishes with an account of disease-producing bacteria, where the author 
describes the methods by which bacteria gain entrance to the system, and 
discusses the means by which the body resists this, and is able to combat 
the parasite after its entry. The book is clearly written and readable. It 
fulfils a need in giving the general reader a well-balanced survey of our present 
knowledge concerning the relation of bacterial activities to human welfare. 

H. G. Thornton. 


nrozvss&zvo 

VtagnBodynainiane PUsige dei Ingdnienn. Fourth Edition. By Ainfi 
Witz. [Pp. x + 333, with 32 illustrations.] (Paris : Gauthier- 
Villars et Cie, 1924. Price 20 frs.) 

When several editions of a text appear, it generally denotes that the work 
b of sound value, and the present volume is no exception to this rule. It 
aims at setting forth the physical side of thermodynamics in so far as this 
has a direct bearing on the theory of heat engines, although it does not dis- 
cuss the practical application to a great extent. 

The opening chapter deals with the fundamental laws of thermodynamics, 
a considerable portion being given to a discussion of various experimental 
methods of finding Toule's Equivalent. Following this is a discussion of 
Carnot's cycle, including as a corollary a clear development of the properties 
of entropy for a closed reversible cycle. 

The study of gases is the title of the next section, which covers the standard 
gas laws. Several worked examples are given here to elucidate the text. 

Some useful formulae are developed under the heading of studies of 
eolids and liquids, matters not usually touched upon in English works on the 
ei^lieations of thermodynamics. 

It is noticed that in the chapter on vapours, the classical researches of 
Oiflendar are not mentioned, also that the supersaturated state of steam is 
itfit ilbcussed, in spite of its importance in nozzle design. 

pages on me flow of gases and vapours are particularly instructive, 
Wlitotn one fundamental equation of flow are developed in turn expressions 
for the draught in chimneys, flow in nozzles, loss by friction in pipes, etc. 

AaBiHifiier chapter gives a critical survey of the various ideal cycles and the 
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theoretical effects of irreveisibility, while the final chapter tstets of HhB 
properties and nature of energy* 

As an introduction to the study of heat engines^ the wc»*k is to be 
thoroughly recommended from the points of view of both subject-matter 
and method of treatment* B. L,-£. 


Theoretical Metallurgy. By R.S. Dean. B.S., M.S., Met.E. [Pp. viii + 2a6, 
with 105 illustrations.] (London: Chapman & Hall; New York: 
John Wiley & Sons, 19^4. Price 155. net.) 

This book is the outcome of a demand for a second edition of the author^s 
translation of Schenck's Physical Chemistry of the Metals, The chamge of 
title is due to the wider field covered by extensive rewriting and thorough 
revision. In its present form in two parts, it is a survey of the modem 
theories and research which have resulted chiefly from the application of 
physical chemistry to various branches of metallurgy. The first part, 
entitled “General Theory of the Metallic State,** covers in its three chapters 
the properties of metals, metallic compounds, and alloys. In the first chapter 
the structure of the metallic atom, the structure of solid metals, cr3^al 
growth, and recrystallisation are among the subjects considered. In the 
third chapter space is devoted to metallic solutions and binary and ternary 
alloys. The second part, on “Metallurgical Processes,** deals with processes 
involving electrical and mechanical properties and surface phenomena in 
one chapter, and with processes involving chemical reaction in three chapters. 
The chapter on the first-mentioned processes considers subjects su^ as 
metals and alloys for special electrical purposes, extrusion, hot pressing, wire 
drawing, forging, rolling, welding, soldering, and tarnishing and corrosion 
of metal surfaces. In the succeeding chapters the phase rule is applied 
to oxidation and reduction ; reaction velocity is considered ; and the radia- 
tion, the adsorption, and ^e intermediate compound theories of catalyds 
are discussed. The chapter on blast-furnace processes only deals with some 
of the reactions in iron smelting, viz. the equilibrium between iron, iron 
oxide, carbon, carbon monoxide, and carbon dioxide. The final chapter is on 
the reactions of sulphides, phosphides, silicides, and arsenides. 

From what has been said it will be seen that ^ere are branchesof theoretical 
metallurgy which are not considered and that the new title does not exactly 
indicate the scope of the work. In the past metallurgy has been defined, 
either as the art of extracting metals from thek ores, or as the science of 
smelting. Dr. Percy regarded it as an art, but stated that the knowledge of 
its principles was the science, founded on the sciences of chemistry, physics, 
and mechanics. During the past thirty years, with the increasing Imowledge 
of the structure of metals, the development of new processes, and the attention 
to problems of corrosion, this foundation has become broader and now 
includes modem sciences such as colloid and physical chemistry, and electro- 
chemistry. Consequently a work entitled Theoretical Metallurgy, dealing 
with the theoretical considerations of a subject so extensive as metallurgy, 
should be comprehensive, otherwise its title does not convey an exact meani^ . 
The book under review does not claim to be comprehensive : it aims at being 
suggestive ; therefore it is an introduction to the study of some modem 
metallurgical theories, and as such is a useful contribution to the literature 
of metallurgy. In its character it is different from most metallurgical 
text-books, and should awaken interest in the study of theoretical metallurgy, 
for various views extant on the subjects treated are indicated, and also there 
are numerous references which allow fuller information to be gained. The 
book, which is well printed and clearly illustrated, can be recommended 
to students and others interested in this aspect of the subject. 

B. CouaxuAMt 
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An lutrodiiotioii to the ttrowfer Sjntem ot Antonuitio Tdephony. By 

H. H. H 4 RRX 80 N, M.I.E.E., M.l.E.S.E. [Pp. vii + 146, with i6x 
diagrams.} (London : Longmans^ Green A Co.» 1924. Mce 75. 6 d. 
net.) 

IWTBNDBD as a class textbook on Automatic Telephony and published at 
a low price, a very adequate treatment is nevertheless pi|^nted. 

The author wisely limits the treatment to one system only — The Strow- 
GBR ; with this choice there can be no quarrel, combining as it does excellence 
of mechanical design with the usual relays and magnetic devices common to 
aU automatic telephone apparatus. 

Commencing with elementary requirements, a system is evolved which 
satisfies them and the Strowger solution described. ' The immediate limits 
and difficulties of further development are then considered and the necessary 
improvements in design indicated. In this way the student is led step by 
step to a clear appreciation of the ultimate mechanism and the many and 
varied demands which it has been designed to meet. 

Clear sketches illustrate the purely mechanical features down to the 
smallest detail, while the electric^ arrangements are shown by schematic 
diagrams. These in all cases are as simple as possible, conventional symbols 
being introduced when the diagrams become complex. 

The student is assumed familiar with the theory and operation of manual 
telephone systems. This largely covers the field of automatic working, and 
the theoretical treatment is therefore limited to such points as interpretation 
of traffic data, load curves, busy hour calls, etc., and their influence on the 
efficiency and design of a system. A general r6sum6 of the problems of 
supervision, fault-finding and elimination, and the inter-connection of auto- 
matic and manual systems completes an excellent little volume which may 
be recommended with confidence. 

A. N. Jackson. 


MzwsxxjjnsoTrs 

An Introdnotion to the Study ot Ootour Vision. By Sir J. Herbert Parsons, 
C.B.E., D.Sc., F.R.C.S., F.R.S. Second edition. [Pp. x 4- 323.] 
(Cambridge : at the University Press, 1924. Price 25s. net.) 

The first edition of this book appeared in 1914, and was reviewed in Science 
Progress, p. 177, vol. x, 1915. The present edition contains about a dozen 
additional pages and twenty additional diagrams, also references to new 
work which it was impossible to notice in the text. Allen's work on the 
efiect of fatigue with spectral colours on the persistency curve very properly 
receives due notice, but the very important paper by Hecht and Williams 
in the /our. of Gen, Physiol,, vol. v, p. i, 1922, is not mentioned, possibly on 
account of its being too recent. This paper makes it plausible that the 
photochemical decomposition of visual purple is responsible for vision both 
at low and high intensities. 

The subject of colour vision is of interest to physicists, physiologists, 
psychologists, and statisticians, who approach it from widely difierent stand- 
points, and it is not easy for workers to appreciate or keep touch with what is 
wing done in all the wlds. Sir J. Heroert Parsons' book will help to meet 
this difficulty in the future as in the past, and its bibliography will be of 
great value. The treatment is exhaustive, and the production of the book 
it every way worthy of the Cambridge University Press. 

The field, as is well known, has been a very controversial one. The 
prettnt reviewer ha# recently compkted a survey of the colour vision of 
tnore than 2,000 students, and as a result is of the firm opinion that the 
divisten of the colour-blind into protanopes and deuteranopes is useless 
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and misleading, also that the colour-blind are generally trichtomatie. tlM^ 
trichiomasy passes into monochromasy directly and not throng dichromasy 
as an intermediate stage, and that there is little more to be gained by statistictii 
investigation or recording particular cases. Much harm has been done in 
the ppt by omitting the description of cases that do not fit in with particular 
theories. The chief desideratum at present is to get a model of the mechanism 
of vision. Sir J. Herbert Parsons states, p. 292 : As is usually the otte. 
the three components theory becomes less plausible, the more concrete 
form it takes." The way of pQ>gre88 at present seems to lie in imagining 
concrete forms and testing them, and here physics and chemistry and ph^io* 
logy may be of great service to one another. The work of Lucas and Acuian 
on the nervous impulse, the passage of the impulse from the one neurone 
to the other, the recent advances in photo-electricity, all have bearings on 
the subject which have not yet been worked out. and it is possible that 
there are discoveries awaiting us that may transform the situation. We 
have successfully traced the light-wave from its incidence on the outside 
surface of the eye to the rods and cones, and it is not too much to hope that 
we may trace the impulse from the cone to the optic nerve in an equally 
definite manner. 

One of the chief problems of modem physics is to discover the con- 
nection between the light-wave and the quantum. The eye is so sensitive 
and has so many characteristic phenomena, that the solution may come 
from colour vision and not by way of the spectroscope or electroscope. It is 
consequently gratifying that so great an interest is being taken at present 
in colour vision, an interest to which the new edition of the Ixiok will certainly 
add. 

R. A. Houstouh. 

WnwUL, Desoartss, and Kainumidas. By Lbon Roth. M.A.. D.Phil. 

[Pp. 148.] (Oxford : at the Clarendon Press. 1924. Price 7s. fid. net.) 

It has long been the fashion among German philosophers and historians of 
philosophy to regard Spinoaa's philosophy as merely the logical development 
of the pbdlosophy of Descartes. The fashion was set early, already by 
Leibniz, and reached its culmination in Kuno Fischer. In the earlier editions 
of Kuno Fischer's monumental History of Modem Philosophy, Spinoza, 
although he is treated with, the greatest sympathy and admiration, and 
actually receives more space than Descartes, is neverthekss treated as one 
of the Cartesian School. The method adojked 'was simple enough. First 
Cartesianism was interpreted in the light of sul^quent Sjunozism. and then 
it was easy enough to evolve Spinozism out of Cartesianism. Some indeed, 
like Dr. M. Joel. Sir Frederick Pollock, and others, rejected this view of the 
relationship of Spinoza to Descartes, but to little purpose. The fashion 
had oh its side the powerful influence of the Hegelian tendency to see in the 
history of hunmn thought one continuous stream flowing tbrou^ the diannels 
of a few select minds. 

In the volume under review Dr. Roth examines anew the problem of 
the relationship of Spinoza to Descartes. He shows that the lo^cal conse*- 
quence of Cai^sianlsm is really a pluralistic scepticism, that such was 
actually Spinoza's view of Cartesianism. and that it was precisely in oppo^ 
sition to this type of thought that Spinoza evolved his pantheistic pmJosopny. 
This view of the matter certainly harmcHoises most with the impiession one 
gets from the study of the life and thought of Spinoza. In his earliest writings 
already Spinoza's attitude to Cartesianism is one of antagonism ; and tie 
Cartesians were among the persecutors of Spinoza. Dr. Roth, moreovsff 
does not stop at this negative result. Following the views of I>r. Joel and 
others, he establishes a close kinship between %)inoza and MMnmitides* 
the Jewish philosopher of the twelfth century, whose mngnum opus (ThsCMs 
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^ tim Spinosa is knoivii to have possessed and studied. Dr. 

Rcvtii not only brings out many similarities of thought and expression between 
Splnosa and Maimonides. but he shows how the opposition between the 
philoiophy of Spinoza and that of Descartes was in its essentials the 
repetition, at another level so to say« of the opposition between the 
pmlosophy of Maimonides and that of the Arab Dialecticians of the twelfth 
century. 

Of late there has been a considerable revival of interest in the philosophy 
of Spinoza, especially in France, Germany, and Holland. It is a pleasure 
to welcome Dr. Roth's excellent little book as a valuable English contri* 
bution to the correct appreciation of one of the greatest thinkers of all peoples 
and of all ages. 

A. Wolf. 


!Elli Expert Witness. By C. Ainsworth Mitchbll, M.A. [Pp. xv + i88, 
with 23 plates.] (Cambridge : W. Hefler &, Sons, 1923. Price 
7s. 6d. net.) 

This book is sadly misnamed, as its title gives little indication to those who 
do not know the author of the feast of fascinating information it contains. 
The 8ub>title, The Application of Science and of Art to Human Identihca* 
tion. Criminal Investigation, Civil Actions, and History, "is more illuminating, 
but still hides the fact that the book is not a dry text -book but an account 
of the application of scientific methods and knowledge that is more exciting 
than most detective stories. It is a page in the romance of science. 

Among the subjects dealt with is evidence of identity, the Beck case, 
and the more remarkable one of two negroes, both named Will West, so 
extraordinarily alike that one claimed the photograph of the other as his 
own portrait ; their Bertillon measurements were practically the same, 
but there was no difficulty in distinguishing them by their finger-prints. 
Scientific evidence in poison trials is discussed and the ingenious methods 
for detecting the falsification of documents are described with many photo- 
graphs. Some accoimt is given of the use of X-rays in the examination 
of paintings and a chapter is devoted to the use of modem scientific methods 
in the elucidation of history. The author, from an examination of the 
notorious " Scandal Letter " written by Mary Queen of Scots to Elizabeth, 
is convinced that it is in Mary's handwriting and makes interesting com- 
ments on the results of his examination of the " Casket Letters." One must 
regret, however, that the author has no remarks on the relation between 
neuomper reports of scientific evidence and what was actually said. 

book is written by an acknowledged authority in a very readable 
style, with many flashes of humour not infrequently directed at the non- 
scientific man in authority. 1 should make a wide appeal, and as proof 
of its interest the reviewer can confess to being unable to put it down until, 
in the small hours, he had read to the last page. 

O. L. B. 


I Of Boienoe And InFontion. By Floyd L. D arrow. [Pp. vi -f- 350.] 
(London : Chapman & Hall. Price 105. 6 d. net.) 

Tkis is a book of the frankly " popular type." Very wisely, it presents 
the story of science in biographical form, and taken in tabloids — an occasional 
ol^tor after meals as required — reads very interestingly and will give 
jOleasiim. It is when an attempt is made at a serious reading that the 
000k, in our view, fails. The preface tells us frankly why this must be so« 
Each ^chapter is an essay in itself, and, while the chapters follow in general 
the chronologicid sequence of events, they may be read in any order." It 
it imety impossible to expect an ordered scheme in such a work, taken as 

35 
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m whole, and so we find chemists, founders of the textile industry^ and 
astronomers rubbing shoulders, whilst between two pioneers of medidne 
and Joseph Henry are sandwiched Louis Daguerre, of Daguerreot3rpe fame, 
and Alvan G. Clark, the maker of refracting telescopes. 

The book is well produced and is liberally interspersed with photographs. 
There is also an index. The last chapter is headed Briefer Biographies/* 
and somewhat spoils the efiect ; for it arouses our curiosity as to why such 
names as Ampere, Archimedes, Aris^tle, Arrhenius, and Boyle (to quote 
the first few) should be allotted a few lines only as compared with many a 
little less worthy who are allotted several pages apiece. One realises, of course, 
that the author could not, and should not, include everybody, but surely it 
would have been better to have omitted t^ last chapter altogether. 

I. B. R 


Lfi Ittthode Odndrale des Sdenoes Pures et Appliqudes* By Andris 
Lamouchs, Ing6nieur Principal de la Marine. [Pp. xii + 298.] 
(Paris : Gauthier- Villars et Cie. Price 30 frs.) 

This book is intended by its author, a professor in the French Naval Academy, 
as a call to the teachers of France to study science from a practical as well as 
a philosophical aspect, to avoid splitting it into water-tight compartments, 
and, above all, to follow American methods in education both general and 
technical. In respect of method of teaching pure science in the United States, 
M. Lamouche might with great advantage consult Sir J. J. Thomson. A 
great part of the introduction bears considerable resemblance to an account 
in the Quotidien, a few months ago, of a pressman’s interview with the new 
Minister of Education. The similarity sufficiently indicates its tone and 
meaning. An English parallel to Lamouche’s projected system of scientific 
education would be to combine the reading of Norman Campbell’s 
Elements with a study of elementary mechanics and a course of workshop 
practice. 

M. Lamouche has evidently read a great deal about his subject, notably 
the works of Mach, Poincar^, and Bergson ; but many of his quotations are 
of ** Ing^nieur en Chef Marbec,” and of Americans whose names have crossed 
the Ocean without crossing the Channel. The book was evidently a labour of 
love, the writing of it having given great pleasure to the author. This 
pleasure will probably be his only reward. 

J. H. S. 

bidmlrlil Biitory. By Harry B. Smith. [Pp. xii + 305.] (New York : 
The Macn^an Co., 1923. Price 75. net.) 

This little book is chiefly of interest to the student of science as an approach 
to the sort of work which has yet to appear, but for which there is considerable 
need. Many works appear at frequent intervals giving popular account of 
Industry and invention. Yet other books frequently appear, more technical 
in character, on the applied sciences. Between these two types there is a 
gap which affiould surely be filled by a work surveying from the scientific 
standpoint the interrelationship between the history of scientific thought 
and progress of organised industry. The present work under review 
would probably have conformed to this tyipe were the author a student of 
science. The work is, however, clearly written by a student of sociology, 
and so treads the ground from a point of view which must not be imored. 
In an elementary sort of way he does his work well, and the story of Industrial 
History makes interesting reading in consequence. The work is liberally 
illustrated and well produced and can safely oe recommended* 

L B. 
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In Mgllliil AMinl By Carl E. Akblby. [Pp. 267, with 68 illustratiotui 
from photographs and line drawings.] (London: William Heine- 
mann, 1924. l^ice 215. net.) 

Thb author of this book is a taxidermist of note, but, unlike any other taxi- 
dermist known to us, he is a good field naturalist, and a skilled hunter who 
makes a study of the animals he sets up. He is inclined to take rather a 
pessimistic view of the future of the fauna of Africa, but this is perhaps 
natural and excusable in one who has hunted big game prior to the cutting-up 
of the most favoured regions of East and Central Africa into private estates. 
With the careful preservation of the various species, however, there should 
be little danger of their extinction by man, the greatest enemy of the wild 
beasts. The chapters on Gorilla-hunting will be read by most people with 
sorrow. For the benefit of those so-called sportsmen who wish to go gorilla- 
hunting I need only quote three extracts. On page 217 the author writes, 
** As ho ran about, one of the guides speared him. 1 came up before he was 
dead. There was a heart-breaking expression of piteous pleading on his 
face. He would have come to my arms for comfort.** 

On page 223, after the author had shot a female with young, he says, 
** This female had a baby which was hustled oil by the rest of the band. 
The baby was crying piteously as it went.** 

Again, on page 230 he tells us, ** Like all of the others, he displayed no signs 
of aggressiveness. He was intent only on getting away. He had not made 
a single sound at any time. As he lay at the base of the tree, it took all one's 
scientific ardour to keep from feeling like a murderer.** 

Those of us who saw the delightful timid creature, the gorilla of Sloane 
Street, at the window of his owner's house a few years ago, can well imagine 
the ** sport ** enjoyed in the killing of these large apes. How much longer 
this disgusting business is to be allowed to be carried on by civilised man 
remains to be seen. At all events, while the Belgians permit the slaughter to 
be continued, collectors would be well advised to say as little as possible 
regarding their experiences while killing these shy, timid, and to all intents 
and purposes inofiensive apes. In extenuation of the slaughter of these 
apes by the author one is bound to admit that not only their skins but their 
simletons have been carefully preserved for scientific purposes by an ex- 
perienced taxidermist. Furthermore, Mr. Akeley's observations on the 
habits of the gorilla are of real scientific value. His suggestion that the 
country surrounding and including the three peaks of Mikeno, Karisimbi, 
and Visoke should turned into a gorilla reserve is an excellent one, and it 
is hoped that the Belgian authorities will take note of it, and act without 
farther delay. (See page 492, above.) 

The author seems to have had some trying experiences during his hunting 
career, not the least of which was his encounter with a leopard. It is 
invariably the wounded lion or leopard that attacks man. Apart from man- 
eaters, which are usually old lions that find old age a handicap to their obtain- 
ing their food on the plains, the reviewer cannot recall a single instance of 
an unwounded lion or leopard attacking the hunter unless it was cornered 
and saw no chance of escape. 

Thejphotographs which illustrate this book are all excellent, as one muld 
expect uom such a keen and experienced photographer, who h^ hii^U 
invented an ingenious motion-picture camera for photographing wild-animal 
life. 

There appears to be a mistake in describing the photograph of a spearman 
lacing page 62 as a Nandi, as he is obviously a Masai el-moran (wairior), 
white lirt Akeley's band of spearmen feeing page 70 are all Masai warriors. 

Fhtiim generations will be grateful to Mr. Akeney for his realistic animal 
groupa and his life-like bronses in the Roosevelt African Hall of the American 
Mnaaxfn* IL £. Drakx-Brockmak. 
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A Hiitofy ol Miirto tad Btptdmtntal Seltnot dnrtiif fht fliit IliiitiM 

Centniiea of our Brt. By Lynk Thorkpxxb, Ph.D. In two volnmet. 

Vol. I. [Pp. viii -f 835,] [Vol* 11 . Pp. vi + 1036.] (London : 

Macmillan A Co. Price 42s, net.) 

The distinguished author of this monumental work is a Professor of History 
in the Western Reserve University, Ohio, and is one of the pioneers of the 
recently founded History of Science Society of America. Nearly twenty 
years ago Prof. Thorndike published a thesis which marked a starting-point 
for this present work, and now* students of medisevalism have availaUe to 
them an authoritative and exhaustive treatise on Mediaeval Folk Lore and 
Magic which takes an easy first place in the literature of its kind. The 
title of the work is somewhat perplexing — almost misleading. A title is 
usually intended as an indication ox the contents, but there is little in the 
volumes under review to justify the linking up of Experimentsd Science and 
Magic in the title. A reader who opens the book with the legitimate purpose 
and expectation, aroused by the title, of studying the history of experimentad 
science in the early days is foredoomed to disappointment. There is no such 
history. There is not even a consistent discussion of the interrelationship 
between the philosophy of magic, with its pseudo-sciences of astrology and 
alchemy, and the pursuit of experimental science — a relationship not entirely 
one of impedance of the latter by the former. It might be argued that there 
was in fact little experimental science from the first to the thirteenth cen- 
turies. We cannot wholly assent to this view, but in any case why feature 
experimental science in the title ? 

We venture to advise would-be readers on a course considered not un- 
usual to the sentimental reader of the sentimental novel — that of first reading 
the preface at the commencement of vol. i, and then skipping, temporarily 
of course, some x,8oo pages in order to read chapter 72, the conclusion, at 
the end of vol, ii. We believe that thereby a happy ending may be assured 
and at least the reader will appreciate the real scope of this very remarkable 
book. He will realise why it pertinently opens at the commencement of the 
Roman period with Pliny as the immediate heir to the legacy of Greece, and 
ends at the close of the first quarter of the fourteenth century, by which time 
the period of the mediaeval revival of learning seems to have spent its force. 
He will learn, too, that Prof. Thorndike's thesis is that the period of his 
study was not one of retrogression, but was of a steady holding-on to the 
Greek tradition, amplified by discussion and criticism that were continuallv 
helpful and fresh. The work is built up in five books. The first deals witn 
the period of the Roman Empire, the second with Early Christian Thought, 
and the third with the Early Middle Ages. These three form vol. i. Vol. ii 
comprises Book IV on the twelfth century and Book V on the thirteenth 
century. The author throughout gives fx^ly of his wide reading and his 
scholarship, and almost every page of the work is liberally interspmed with 
detailed references. If the treatment is thorough the style is easy and 
pleasant. Exhaustive general, biographical and manuscript indexes at the 
end of each voluxxxe add the final note to a publication for which all students 
of the history of man's mental evolution in general, and of mediasvalism in 
particular, will be profoundly indebted. 

1 . B. H. 


Leaves from The Golden Bongh.’* Culled by Lady Frazer. [Pp. xii + 
249, with z6 illustrations.] (London; Macmillan A Co., 1924. Price 
xos. 64 . net.) 

Lady Frazer has given us an excdlent series of abstracts from Sir Tames 
Frazer's great Go/cm BoggA Her book, in fact, presents a number of vm or 
pretty fairy-tales beautifully illustrated by Mr. H. M. Brock. It is curious 
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how orach finer the Greek stories are than most of the others, some of which 
are so difluse and disconnected as to fail in presenting that essential point in 
aU fiury'tales, the moral. The Greek fairy-tales belong to another world- 
just as ancient Greek literatnre and art did, compared with the more barbaric 
attempts of African and Asiatic peoples. 

gd ent iflc Bessateh and Hnman Wellate. By Frankun Stewart Harris, 
Ri.D. , President, Brigham Young University. With the Collaboration 
of Nbwberm I. Butt, B.S. [Pp. ix + 406.] (New York ; The Mac- 
millan Company, 1924. Price i2r. net.) 

The book deals in separate chapters with Health, Communication, Trans- 
portation, Illumination, Agriculture, Engineering and Mining, Manufiictun'ng, 
and the Home. It iS well written ; though of course a very small proportion 
of the history of science can be included in 406 pages. We doubt whether 
historians of science are likely to admit all the names mentioned in the book, 
and on many occasions the authors make the common mistake of including 
old writers simply because they happen to have conjectured something 
which was afterwards proved sound by the long-continued labours of the true 
discoverers. Very few of those who teach or even write on science seem to 
understand that science deals with proof and not with mere conjecture* 
The work may be useful for school children and those who are not making 
a special study of science, but it contains some facts about applied science 
which many scientific workers may be glad to remember. 
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RECENT ADVANCES IN SCIENCE 

WVMM XATBZXATIOa. By F. PURYER White, St. John's College, 
Cambndge. 

History, — G. A. Miller {Scientific Monthly, 9 (1924), 496-501] 
in an interesting article endeavours to show that five funda- 
mental concepts, those of natural number, unknown, postulate, 
function, and group have played the most prominent part in 
the development of mathematics. The same author {School 
Science and Mathematics, 24(1924) 509, 939-47] continues his 
practice of pointing out the mistakes in the current histories 
of mathematics ; this time it is volume I of D. E. Smith’s recent 
work which comes in for castigation. 

Algebra. — It was shown by Bring and Jerrard that the 
general algebraic equation of the fifth degree can be reduced 
without loss of generality to the form 

ac* — * — a 0, 

and this equation has been solved by Hermite (1858) in terms' 
of elliptic functions. The work depends upon the theory of 
the elliptic modular functions ; H. B. C. Darling {Proc. L.M.S., 
tt (1924), 383-95] has recently given an investigation whi<A 
begins on purely algebraic lines, and in which the elliptic 
functions are introduced in a more elementary way. 

Major P. A. MacMahon {Proc. L.M.S,, 28 (1924), 290-316] 
applies the calculus of symmetric functions to investigate 
^properties of prime numbers. The expression of an integer as a 
product of primes, say n -pf* pf* .... determines a parti- 
tion {px*pt * . . •) number Zrrp, and thus an elementary 

Mmmetric function in the way explained in Combinatory 
AnaiysU, voL i, chap. i. By summing the sjonmetric functions 
SO obtained for every integer n, unity excepted, a function W 
is obtained and the results of operating on W and powers of 
W by the Hammond operators of the calculus of symmetric 
functions are calculated. It is found, for instance, that 
HLW* N„ M W*, where N„ » is the number of representations 
of « as the sum of m primes. Thus is the number 
Mq;HPSsentations of the even number a. as the sum of 

g6 S49 
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iwo primes, and the celebrated Enler-Goldbadbi conjecture 
u thus reduced to the surmise that W* o for any value 
of n. Major MacMahon does not succeed in making any pro- 
gress towards establishing this result, but he obtains a number 
of theorems which are curious and interesting. For example, 
the function W can be expressed in terms of sums of powers 
St, s, . . . and it is found that in this expression 5i, s, and % 
do not occur, while every other s, up to « -■ 89 does occur. 
If uneven primes are alone considered a function V may be 
used instead of W, obtained from W by striking out all sym- 
metric functions, whose partitions involve the part 2 ; the use 
of the function V appears to possess several advantages. 

In 1918 Prof. Whittaker gave a series for the root of an 
equation 

o ■- a, + + a, a* + . . . . 

which has the smallest modulus, in the form 



A. C. Aitken [Proc. Roy. Soc. Edin., 46 (1924), 14-22] has 
extended this result to obtain a series Sr for the elementary 
symmetric function of the m* degree of the least r roots. This 
is done by obtaining the symmetric function as the limit of a 
quotient of two determinants of which the elements are homo- 
geneous product sums, which the author denotes by P, but for 
which the more usual notation is A, ; this quotient is then 
expressed as the quotient of two determinants in the coefficients 
a which differ in their first columns only and is expanded, by a 
theorem due to Schweins, in the form required. From the 
series the roots are easily obtained as we have the relation 

The convergence of the series Sj!* is, however, not rapid 
^ess the ratio of the moduli | a, |, ISf+il is small, so that it 
is generally desirable to transform the equation first by a root- 
squaring process into one with roots widely separated in 
modulus. If two roots a„ have the same modultu 
if they are conjugate complex numbers) the series SS, diveiges, 
but We can use the relations 

S?-j~ (a, + ar.).x) SJ * + ■■ SJ+x, Sf-x “* (^f + Xr^x) S*+i, 

and so. obtain Sf+i by a quadratic equation. 

As an example, all seven roots of a horrid-looking equation 
o£ the seventh degree are calculated to six signfficant Bgpmst, 
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It is a rare thing for the London MathmoHcal Soeiefy to 
anhehd so far as to admit into its Proceedings a paper of an 
historical character, and so the title, " The Nuptial Number of 
Hato/’ of a paper by G. C. Young [Proc. LM.S., (1924), 
S7-44J caused the writer a feeling of surprise. As a matter of 
fact, the historical part deals with eugenics, and is not par* 
ticularly intelligible to the ordinary mortal ; the remainder 1$ 
concerned with proving that the only solution in positive 
integers, without a common factor, of the simultaneous equations 
2*, »* + >»* + «*“/* is 3, 4, 5, 6, a result which, the 
author claims, was known to Plato. 

The field of algebraic numbers defined by an irreducible 
equation 

a, + . . . *■ o 

has an arithmetical invariant, the discriminant D, and to an 
assigned discriminant there belong only a finite number of 
these number-fields. W. E. H. Berwick [Proc. L.M.S., 88 
(1924) 359-78] gives a method for obtaining all the cubic fields 
belonging to an assigned discriminant ; the theory is complete, 
except for deciding whether certain t3rpes of discriminant 
actually exist. The method is based on the representation 

(a + b'y/m) (j+ 's/ni)* + (a - b'^m) (/ - ^m)* •=> 0 

of the equation defining the field, and is closely related to the 
classification of ideal numbers in the field [V^]* The question 
arises whether there exists a quadratic field, whose principal 
genus contains an assigned number of exponents of irregularity, 
each divisible by 3 ; in the author's opinion this cannot be 
completely settled without more experimental evidence than 
that afforded W Gauss’s tables of quadratic forms. 

Analysis. — T. W. Chaundy [Proc. L.M.S, 88 (1924), 143-8] 
gives a new proof of the uniformity of the function z sn u 
obtained by the invemion of the elliptic integral 

» (* -**)“* (* - 

for o < A*< I. 

J. Hodgkinson and E. G. C. Poole [Proc, L.M.S., 88 (1924), 
396-422I consider the conformal representation of the area of 
a plane bounded by two straight or circular slits which do not 
intersect. The area is doubly connected and may be repre- 
sented, by a method bas^ on Schwarz’s principle of sym- 
metric continuation, on the plane of a variable t slit along two 
portions of the real axis or, by an application of Diridnlet's 
principle, upon the area between two concentric circles. The 
problem was suggested by a question in electrostatics recently 
treated by A. E. H. Love {ibid., 18 (1934), 337-69). 
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E. C. Titchmarsh [Free. Comb, PkU. Soc.^ 8B (1934), aSa-dJ 
^ves some theorems on the solution of a syst<hn of Un^ 
equations with an infinity of unknowns. The general form of 
the equations is ‘ 

+ “ C|| (w 1 , 2, 3 • • •)» 

where the numbers a, . . c^, c, . . . are given. For 

example, if Oti ^i> . be non-increasing 

sequences of positive numbers such that 

(a, + a. + . . . +a,) c,+i->o, 

then if lim a«> o the equations have just one solution, while 
if Itm a, “O, they have just one solution for which 
Generalised hypergeometric series of the type 


F(a, b, c ; 


e,f) 


, a.b.c , 

I + 


i .e.f 


a(a + \ )b{b i) c {c + i ) 
I .2. e(c +!)./(/+ i) 


were studied by Thomae in 1879 by means of the calculus of 
finite differences ; he showed that there is a group of 120 
such series which are connected by simple relations. For 
example, we have 


F(a, 4 , <:;«,/) s 1 »+ + ‘). 


where 5 - « + / - a - A - <r. F. J. W. Whipple \Proc. Z..M.S., 
It (1924), 104-14] now gives a notation for the 120 series 
which exhibits the symmetry of the group and enables the 
various relations to be found with more facility. 

T. A. Brown \Proc. L.M.S., 28 (1924), 149-71] determines 
conditions under which an analytic function can be represented 
by a factorial series 


«» + a + 


»(«- i) , . (*+ iM*- i) , 

21 31 ^ 


I 


which is a generalisation of Gauss’s interpolation formula ; he 
idso investigates the relationship between the factorial series 
and an interpolation formula discussed by de la Vall^ Poussin. 

L. Neder [Proc. L.M,S., 88 (1924), 172-84] deals with the 
si^ificance of various Tauberian conditions m the theory of 
Dmchlet series. He showa, for exan^le, that the formal product 

of two Dirichlet series Sa^e~\^, £b,fi~\fi converges for s^o 
if we have both £ l<i»i”*0(i) and a similar condition 

for b ^ ; thii theorem includes all previous ones on the same 
matter given by Hardy, littlewood, and others. He abo 
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mideiis the conditions for the theorems by which from the con- 
t^ergence of to sum A we can conclude that tends 

to A as 5 tends to zero and conversely ; and obtains analogous 

theorems for the integrals ^(s) » ja(M) e~^du. 

In a paper on the Converse of Abel’s Continuity Theorem 
J. E. Littlewood [Proc, L.M.S., 9 (191 1), 434-48] was led to the 
conjecture that if X(n) be any function which tends to infinity 
with n (however slowly), then the conditions 

a* «= O [X(n)/n] and Za^e~** A 

do not necessarily involve that the series is summable by 
Ces^ro means, and he verified his conjecture for the particular 
function X{jt) «= {log n)* {a >0). A. E. Ingham \ibid., 28 (1924), 
326-36] has now established the natural extension to Dirichlet’s 
series iro,e“X*s and Riesz’s methods of summation by typical 
means of type X, The functions used are not analytic, and 
instead of Cauchy’s theorem the two-dimensional form of 
Green’s theorem is employed. 

If N(T) is the number of zeros of the Riemann Zeta-f unction 
f(s) for which the imaginary part i satisfies o < / < T, then as 
T tends to infinity, 

N(T) - M(T) + S(T), 

where M(T) —(T/zir) {log{Tl2ir) - i , and S(T) “oC/o^T). 

Assuming the Riemann hypothesis, J. E. Littlewood [Proc. 
Camb. Phil. Soc., 82 (1924, 234-42, 295-318], proves, among 
other things, that 

Differential Equations. — If in the differential equation 
Pdx + Qdy - o, where P, Q are polynomials in x, y, we write 
xje for X and yjs for y, the equation assumes the homogeneous 
form introduced by Darboux (1878), 

Pdx + Qdy + Rde - o, 
where *P + yQ + eR-o. 

If P, Q, R have no common factor and are polynomials of 
order m + i , m is called the dimension of the equation ; the 
case »i •• o is trivial, for m «• 1 the equation is equivalent to 
Jacobi’s and the integration can be effected by elementary 
methods. For ^ - 2 no general method of integration is known, 
nor any complete criterion for algebraic integrability ; but A. 
Beery \Pro€. L.M.S. 88 (1924), 337-5^ has obtained some 
spcdal results which are of interest. The points common to 
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P •> Q - R ■> 0, called critical points, play a fundamental past 
in the theor3r, the number is in genenU *»* + »»+ i, but leM if 
the intersections are multiple. There is, however, a spedal 
kind of critical point, the dtm 7 »c point, of which the unportance 
was pointed out by Autonne in 1891, namely, one for which 
d(P^ -h Qdy + Rds) vanishes for all values of dx :dy:dB. 
Mr. Berry proves that if -there is a dicritic point (for m — 3), 
the equation can be integrated completely in terms of known 
functions (such as confluent hypergeometric functions, para- 
bolic-cylinder functions, incomplete gamma functions, and so 
on) and give precise conditions for algebraic integrability. 

In connection with various tidal problems H. Jeffreys 
[Proc. L,MS. 88 (1924), 428-54] has obtained approximate 
solutions of the differential equation 

g-(*-X. + *X. + X.):>.-o, 

in which A is a constant and X«, X„ Xg are functions of x ; the 
case considered is when A is large. In particular the periodic 

d*v 

solutions of Mathieu’s equation + (R - 2A‘ cos 2v)y*o 

and of the equation obtained therefrom by the substitution 
of $( for rt are investigated, especially with regard to their 
zeros. As one would expect from the name of the author, 
these papers are of practical rather than of theoretical interest. 

Of a quite different nature is a paper by E. Hille ^Udd,, 
88 (1924), 185-237] “ On the Zeros of Mathieu Functions.’* 
Here the author considers the distribution in the complex 
plane of the zeros of any solution of Mathieu’s equation ; he 
admits that the case, o, which he is able to cany furthest, 
is of little interest for the physical appflcations. The distribu- 
tion of the zeros and points where the first derivative vanishes 
is in strings, each associated with a half-line n— Av(y>o) or 
a half-line x - Av (y < 0), (^ — 0, ± 1 , rb 2 . • .)• A string is 
asymptotic to its associated line in the sense that the distance 
of a point in the string from the line tends monotonically to 
zero. The general solution has a stringy for every half-line, 
but to every half-line correspond two particular solutions which 
lack the associated string. Such a solution, said to be trun- 
cated, lacks two adjacent strings and tends to zero as s tends 
to in^ity between the lines. )^en 0 these strings account 
for all the zeros; but in other cases there are infinitely many 
extraneous zo'os associated with the real axis. 

£. L. Ince [Proc. L.M.S,, 88 (1924) $6-74] studies a linear 
differential equation with periodic coefficients which bean the 
same relation to the confluent hypergeometric equation as 
Mathiett’s equation bemrs to Bessd’s. 
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The equation in question is 

d 

35 ^ + f stn 2* ^ + (i? - pi eoa 2x) y 

in which p,i,i\ are constants. When is a positive integer there 
exist p + I distinct values of 17 (depending on f) for which 
the equation has a solution in the form of a polynomial in 
sin X or cos x of degree p. The p + i functions also satisfy a 
homogeneous integral equation. If p and f tend to infinity 
and zero respectively, so that pi remains finite, we are led to 
Mathieu’s equation, and the polynomials in sin x and cos x 
become the series for the Mathieu functions. 

W. McF. Orr \Proc. Roy. Irish Acad., 80 (1923), 115-30] 
investigates the solution of systems of ordinary linear differen- 
tial equations by means of contour integrals ; he does not seem 
to be aware of the work of Bromwich ]Proc. L.M.S., 16 (1914), 
401-48] along the same lines. 

Integral Equations. — J. Hyslop [Proc. Comb. Phil. Soc., fiS 
(1924), 169-85] gives a general treatment of the integral ex- 
pansions of arbitrary functions from the point of view of 
integral equation theory ; he first summarises the principal 
results of Hahn, Weyl, and Carleman, and then applies them 
to establish, under wide conditions, an integral expansion of 
Fourier form, having as kernel the derivative of the charac- 
teristic differential of a complete singular symmetrical kernel. 
An example of the theory is given, for expansions connected 
with the kernel e~*. 

G. H. Hardy and E. C. Titchmarsh [Proc. L.M.S.,B8 (1924) 
1-26] discuss, first by the theory of Fourier and Hankel trans- 
forms, and secondly by more powerful methods depending on 
the theory of analytic functions, the solutions of certain integral 
equations which have been considered by Bateman, Kapteyn, 
and Milne. 

If two functions /(x), F(x) are coimected by the relation 
/(*)- (2 /ir)» Sr cos x/F(0d<, 

/(x) is called the Fourier cosine transform of F(x), and by 
Fourier’s integral theorem we see that F(x) is the transform of 
f^x). This representation has been usually studied for func- 
tions which are integrable over the range (o, 00), but Plancherel 
has developed the theory for functions whose squares _ are 
integrable ; in this case the transform of /(x) has to be obtained 
from the formula 

as the intqpral similar to the one above may be divergent. It 
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can be proved that the square of F(«) is also i»tqsrable,.aiid 
have a complete reciprocity between the two transforms. 
Important extensions have been made by E. C. Titdimar^ 
[Proc. L.M.S., SS (1924), 279-89] who obtains theorems 
analogous to generalisations, due to tiausdorff, of the Riess^ 
Fischer theorem and the Parseval theorem in the theory of 
Fourier series. He shows that (i) if the function /(x) has its 
p-th power (i <p^2) integrable over (o, 00), then there is a 
function F{x) whose pl(p — 1) -th power is integrable such that 

/W -(=/*■)' 

and (2) under the same conditions for /(x) the function 

has its pjip- i)-th power integrable. 

The function F(x) is the same in the two theorems, but, 
except for /> — 2, the reciprocity between the two functions is 
by no means complete. The theorems are definitely false if 
p> 2 . 

Geometry. — ^W. P. D. MacMahon [Proc. L.M.S., S8 (1924), 
75-93] has carried farther the work of P. A. MacMahon [iVew 
Mathematical Pastimes, Cambridge, 1921] on repeating patterns 
in two and three dimensions. A repeating polygon (triangles 
and quadrilaterals being included) is a closed rectilinear figure 
satisfying such conditions of form and construction that any 
number of other figures directly similar to it may be -assembled 
together, so as to cover continuously two-dimensional space ; 
it Is proved that a closed polygon may be a repeat if, and only 
if, its angles are such that they may be associated together in 
sets of two, three, or four differently lettered angles, the sum 
of the angles in each set being v or 2tr. The author then 
deduces that no convex repeat polygon exists of order higher 
than the sixth, and determines the number of re-entrant angltt 
for repeat polygons of any order. It is further found, for 
example, that every triangle, every quadrilateral, and every 
hexagon with one pair of opposite sides equal and parallel 
is a repeat. 

W. Burnside [Proc. Comb. Phil. Soc., 21 (1924), 163-^ 
examines from an algebraic point of view the problem of 
inscribing a polygon in one conic which shall be circumscribed 
to another, showing that the condition of closing of the poly- 
gon depends solely on a difference equation of the form 

■“ Pm*t »)*• 
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R. Vaidyanathaswamy \Proc. L,M.S., (1924), 3i7--a5] 

Hudies pencils of binary quartics which have the property that 
any two quartics of the pencil are apolar ; he calls this a null 
pencil. He shows that the Jacobian of such a pencil is the 
square of a cubic, and conversely a non-singular pencil of 
quartics whose Jacobian is a perfect square is a null pencil. 
This theorem can be extended to systems of (» — i ) dimensions 
of binary 2»t-ics, any two of the forms of which are apolar — 
its Jacobian is also a perfect square, and conversely, excluding 
singular systems. The author also discusses theorems which 
result by the familiar representations of binary »-ics by points 
in space of « dimensions. 

A general plane quartic curve has twenty-four points of 
inflexion, but little is known of the properties of the configura- 
tion of these points or of the inflexional tangents. By an 
application of Clebsch translation principle for obtaining con- 
travariants of ternary forms from invariants of binary forms, 
it is easily seen that the inflexional tangents are the common 
tangents of a curve of class 4 and one of class 6, the envelopes 
respectively of straight lines which meet the quartic in points 
of an equiharmonic or a harmonic range [see Clebsch-Linde- 
mann, Vorlesungen iiber Geometrie (1910) t, i, p. Soo, or Grace 
and Young, Algebra of Invariants, p. 268]. A. E. Jolliffe 
[Proc. L.M.S. (1924), 250-78] has now found a curve of 
class 6 which touches the inflexional tangents and the twelve 
double tangents of a Steiner complex. This occupies four 
pages, and is important ; the remaining 25 examine in some 
detail the form assumed by the theorem when the quartic has 
singular points. The work is heavy, and is of very slight interest. 

The curve of intersection of a quadric with a given quadric 
S is an elliptic quartic which meets every generator of either 
system of S in two points ; moreover, there are four generators 
of either system which touch the curve. This last fact may 
perhaps be most easily seen by taking one of the four quadric 
cones which contain the curve and drawing the four common 
tangent planes of this cone and of the enveloping cone to 
S from the vertex. Each of these planes will clearly meet S 
in two generators, one of either system, which touch the curve. 
Also, taxing the tangent at any point P of the curve, there is 
one quadric containing the curve and this line and there are 
thus three points of the curve co-tangential with P, in the sense 
that the tangents thereat are generators of the same system of 
a quadric through the curve. There are also four other points 
Q of the curve, the tangents at which are generators of the 
other system of the same quadric, and the join of any point P 
to any point Q passes through one of the four vertices of quadric 
cones throi^ the curve. Projecting from a point of the curve 
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on to a plane we a cubic ciuwe and four co-tangratial 
points become the points of contact of the four tangents forming 
a point of this cubic curve. A. C. O’Sullivan [Proc. Roy. 
Irish Acad., 88A (1924), 131-54] has recently given an elaborate 
analytical discussion of the sets of points P, determining, fw 
example, the locus of the joins of two co-tangential points ; 
many of his results might have been obtained much more 
simply from the geometry of the curve as sketched above. 

In a remarkable paper " On Canonical Forms ” E. K. 
Wakeford [Proc. L.M.S., 18 (1920) 403] gave a method by which 
it can be discovered whether any given canonical form F is a 
possible form for a general quantic ; the number of parameters 
/ in F must be at least equal to the number of the coefficients 
of the quantic, and there must not exist a form <ft in the contra- 

3 F 

gredient variables which is apolar to each of The method, 

however, throws no light either on the number of ways in which 
the reduction is possible or on how it is to be carried out. 
H. W. Turnbull [Proc. Camb. Phil, Soc., 82 (1924), 92-100] 
has applied Waketbrd’s method to determine possible canonical 
forms of the equation of the general cubic surface. Sylvester’s 
expression, as the sum of five cubes, has been known since 1851, 
and another, F= X.X,X. + XjX.X^ 4- X,X,X. + X,X,X, + KQ, 
where Xj, X„ X,, X4, K are properly chosen planes and Q is 
an arbitrary quadric, has recently arisen in the work of 
W. P. Milne on the curve of intersection of a cubic surface and a 
quadric, the surface + X,X,X, + X^X^X. + X,X.X, - O 

being a four-nodal cubic surface through the curve of inter- 
section of F "» O and Q - O. Mr. Turnbull proves the possibility 
of this reduction, and finds five other forms, each involving 
one or more arbitrary quadrics. It would be interesting to 
discover in how many ways these reductions are possible ; for 
Sylvester’s form the reduction has been shown by Richmond to 
be unique, and indeed this follows from the geometry of the 
surface ; also the form K,Q, + . . . + K.Q, is unique, being 
linear in the 20 parameters ; but the intermediate cases present 
great algebraic difficulties. It would appear that Milne’s 
reduction is possible in 255 ways. 

F. Bath [Proc. Camb. Phil. Soc., 82 (1924), 189-99] shows 
that if five lines of four-dimensional space are chords of a 
quartic curve in that space they lie upon a quadric variety 
which contains a doubly infinite set of quartic curves of which the 
five lines are chords, one such quartic having also an arbitrary 
sixth line of the quadric as a chord. By projection known 
theorems in three dimensions and in the plane are obtained. 

In discussing the triply-infinite systems of conics (complexes) 
in space of four dimensions which are linear in the sense that 
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one conic of. the family passes through an arbitrary point, 
C. G, F. James [Proc. Comb. Phil. Soc., 88 (1924), 2oi-idl 
is led to consider a curve of order 6 and genus 2 which is obtained 
as the intersection by a general quadric variety of a normal 
cubic ruled surface. The conics of the complex meet this 
curve in 4 points, and those which touch a three-dimensional 
space do so in the points of a Weddle surface, having for nodes 
tne six points in which the curve meets the space. The cubic 
surface contains a line, the directrix, which meets all its genera- 
tors ; if this meet the quadric in A, B and we join these points 
to the two points where a generator meets the curve we get 
two further points which lie as a second sextic curve of the same 
kind, uniquely determined by the first curve. Its cubic surface 
has the same directrix as that of the first, and the two surfaces 
meet again in a normal quartic curve. The sextics meet in 
two points on the directrix and in the six points where each 
sextic is touched by a generator. 

Differential Geometry . — It was shown by Beltrami that 
corresponding to any ruled surface there is another applicable 
on it, i.e. having its element of arc given by the same formula 
ds* *« Edu* + zFdudv + Gdt^, with corresponding generators 
parallel, but with a parameter of distribution of opposite sign. 
It is clear, however, that one surface cannot be deformed into 
the other. B. M. Sen \Proc. Camb. Phil. Soc., 82 (1924), 243-7] 
investigates the distinction between applicability and deform- 
ability in general, showing that Beltrami’s associated ruled 
siurface is a particular case. 

T. Kubota \Proc. Camb. Phil. Soc., 82 (1924), 113-23] 
determines conditions that two plane curves should be trans- 
formable into each other by a Laguerre transformation (for 
which see Encyk. Math. fViss., iii, i, i, p. 318) ; he finds that 

r being the radius of curvature, must be the same at 

corresponding points, and that a function I involving derivatives 
of r up to the third is also invariant. 

OBOAinO CratXSTBT. By O. L. Brady, D.Sc., F.I.C., University 

College, London. 

Synthesis of Pyridine Derivaiives . — ^The synthesis of p3^dine 
derivatives from aldehydes and ammonia has been investigated 
by Tschitschibabin and his co-workers (/. Russ. Phys. Chem. 
Soc., 1905, 87 , 1229; 1923, 54 , 402-46; 1924, 64 , dot). 

It has been found that the reaction can proceed in several 
ways. With saturated aldehydes of the type RCH, ‘CHO, 
three molecules react with one of ammonia leading to the 
formalibn of 2 ; 3 : 5-trialkylpyridines. 
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CHO 

CH 

R-dH, CH,R 

RC^^CR 

0 1 

II 1 +3H.O + H, 

RCH.C'H CH 

RCH,-C CH 

0 

NH, 

Y 


Thus acetaldehyde, where R - H, gives «-picoline, but the 
reaction can take an alternative course giving y-picoline. 
Further, four molecules of the saturated aldehyde can take 
part to give the 2:3: 6-trialkylpyridine. 

PM 

CHO 

/ CH C CH, 

CH, CHO-CH, ^ II 1 + 4 H ,0 

CH.CHO CHOCH, CH.C CCH, 

NH, 

N 

Thus, when the vapour of acetaldehyde mixed with ammonia 
was passed over alumina at 300° and the product fractionated, 
the pure compounds isolated formed 60 per cent, of the 
mixture, and were in the proportions a-picoline 28 per cent., 
y-picoline 30 per cent., 2-methyl-5-ethylp5n-idine 33 per cent., 
4-methyI-3-ethylpyridine 6 per cent., and small quantities of 
2:3:6- and 2:4: 6-trimethylpyridine. The formation of the 
methyl-ethylp3rridines is apparently due to the production 
of crotonaldenyde by an aldol condensation, 2CH,CHO ->• 
CH, -CHOH • CH, • CHO CH, • CH : CH • CHO, two molecules 
of which condense with one of ammonia. 


CH CH:CH-CH, 

(Iho (!:ho 

NH, 


CH, 

CH C-CH,*CH, 

I II +2H,0 

CH CH 

Y 


The products of the interaction of acetaldehyde and ammonia 
are therefore essentially the same as those obtained by 
Tschitschibabin by the action of ammonia on acetylene. 
(/. I^uss. Pkys. Chem. Soc., 1915, 47 , 703 ; 1924, 54 , 6u.) 

The study of the interaction of propyl aldehyde and ammonia 
confirms the above explanation of the mechanism. 

Recently pyridine itself has been synthesised by this 
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finction from mixtures of acrylaldehyde and acetaldehyde, and 
of acetaldehyde and ethylal (formaldehyde and alcohol). 


CHO 

dn CH, 

II I 
CH, CHO 
NH, 


CH 

CH CH 

11 i 

CH CH 
N 


CH ,0 

CH. CH, 

I I 

CHO CHO 
NH. 


In both cases pyridine was the main product of the reaction ; 
in the former some a- and y 9 -picoline was formed, and in the 
latter small amounts of a-, jS-, and 7-picoline and 3:5- 
dimethylpyridine. 

Reactions of Benzoyl Peroxide . — ^An interesting example of 
the formation of a carbon-carbon linking in the benzene series 
has been observed by BoSseken and Gelissen {Rec. Trav. Chim., 
1924, 48 , 869). When benzoyl peroxide is boiled with carbon 
tetrachloride »-trichloro-/»-toluic acid is formed, together with 
small quantities of hexachloroethane, chlorobenzene, and 
j^thalic acid, carbon dioxide and phosgene being evolved. 
The authors suggest that the reaction proceeds through the 
compound C,H,CO • O • CCl,, the CCl, group migrating to the 
^position in the benzene ring giving CC 1 ,*C,H, -COOH. 

Benzoyl peroxide with dry benzene yields benzoic acid, 
carbon dioxide, and diphenyl, whilst />-chloro- and m-nitro- 
benzoyl peroxides give mono-substituted diphenyls, hence the 
reaction is probably in accordance with the following equation : 


(XC,H.C 0 ,), 0 , + C.H. XC,H,CO,H + C,H, • C,H,X + CO, 


This reaction seems to provide a synthesis of the mono- 
substituted diphenyls which are not otherwise readily obtain- 
able, and will probably repay study in view of the interesting 
examples of stereoisomerism exhibited by these compounds 
(Cain and others, /. Chem. Soc., 1912, 101, 2298 ; 1913, 108 , 
586, 2074 ; 1914, 106 , 1437 ; Kenner and others, ibid., 1921, 
S 93 ; > 923 , 181 , 614 ; 1933, 188 , 779 ; this Journal, 
No. 62, Oct. 1921, p. 195.) 

Determination of the meta-Isomeride in a Mixture of Isomerides 
of Sorne Disubstitufed Derivatives of Benzene . — chemical method 
for this purpose has been studied by Francis and Hill (/owr. Amer. 
Chem, Soc., 1924, 46 , 2498) which promises to be very useful 
in the study of the entry of groups into the benzene ring. It 
depends on the^ fact that the hydroxyl- or amino-group has 
K> great a directive influence that in aqueous solution, when one 
is present, all avmlable ortho- and para-positions are substituted 
qiumtitatively with bromine. If the group occupies the meta- 
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position to another, three places are available; but if ortho* or 
para*, only two. 


HO X 



H H H 


The amount of bromine absorbed can, therefore, be made a 
measure of the amount of w-isomeride present. The method 
can be extended to compounds containing a nitro-group, 
since this can be first reduced to the amino-group. A mixture 
of potassium bromide and bromate, subsequently acidified, is 
recommended for use instead of bromine. Some difficulty is 
experienced in certain cases owing to oxidation of the compound 
(o- and w-toluidines, o- and p-aminophenols), but this can 
sometimes be overcome. On other occasions the displacement 
of such groups as -COOH and -SO,H causes trouble, but with 
care, and by working at a low temperature, this can be avoided. 

The Action of Sodium on Benealdehyde. — ^The formation of a 
green sodium compound without evolution of hydrogen by the 
action of sodium on benzaldehyde in the absence of oxygen, 
carbon dioxide, and moisture has long been known (Church, 
Annalen, 1863, 128, 395 ; Beckmann and Paul, ibid., 1891, 
80S, 25). Bernoulli and Schaaf {Helv. Chim. Acta, 1922, 5, 721) 
have mso described a green addition compound obtained by the 
action of metallic copper on benzaldehyde. Blicke (/, Amer. 
Chem. Soc., 1924, 46 , 2560) has studied the action of sodium 
more thoroughly. One or two atomic proportions of sodium 
react, and the author suggests the following course for the 
reaction, the mono-sodium compound containing tervalent 
carbon and behaving in an analogous way to other compounds 
of this class : 



pil] 
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The green colour of the compound is considered justification for 
the quinonoid structure [IV], whilst the others are based on the 
decomposition by water. The first result of hydrol3rsis on [I] 
is the replacement or ON a by OH, the resulting comjwund then 
undergoing intramolecular oxidation and reduction giving benzal- 
dehyde and benzyl alcohol (compare Schlenk and Weichel, Ber., 
191 1, 44, 1187); compound [III] undergoes hydrolysis with the 
formation of hydrobenzoin, whilst [II] gives benzyl alcohol. 

The reaction is, however, more complicated than is repre- 
sented above : [I] acts as a reducing agent towards unchanged 
benzaldehyde, being converted to [VI], which with water gives 
benzoin [VII] ; the benzaldehyde is reduced to benzylalcohol 
ly], which reacts with sodium to give sodium benzylate and 
hydrogen ; this hydrogen reduces the sodium compound [1] 
with the production of more sodium benzylate ; whilst, finally, 
the sodium ben^late converts some of the benzaldehyde into 
benzylbenzoate [VIII] (Claiscn, Ber., 1887, 20, 649). 


K* 


aC^liCHO 

jCeHtCHiONa 


2 CcH6 ‘ 
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C«HtCHO 




CbHs-C^H 
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+ C6H6-C-.C,C,Hi 
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C|H^OOCH,C«H6 

[VIII] 


CeHjCO— CHOHCeH* 
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ONa (ina 

iH,0 

CcH»C = CCeH, 
i)H i)H 


In the case of the disodium compound [II] this also reacts 
with excess of benzaldehyde, giving ultimately benzyl alcohol 
and hydrobenzoin. 


/H 


aCiHi'C^Na 

NDNa 


QHcC 


/ 




H 




■\ 


'ONa 


)C • CeH, + CeH, • CH< _ 

Nao/ 


The unexpected formation of triphenylcarbinol from 
benzaldehyde, bromobenzene, and sodium is explicable on 
these lines. 

H H 

2C,H,-C^Na 2 £sS! 2 I-^ 2C,H,-C^H. SsSlcho^ 
X)Na ^ONa 


2C,H, • C^C,H, + C,H,CH, 0 H 
I \)Na 


Na 
u /Na 




The amount of benzyl alcohol formed in this reaction 
corresponds to that calculated from the above. 
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fnOZACIT. By G. W. TyRSBix, F.G.S.. A.R.C.Se., F]i.D., Univaiily* 
Glasgow. 

Cfumistry of the Earth. — ^V. M. Goldschmidt has continued his 
investigations upon the mochemical relations of the elements 
in a series of papers (“ Geochemische Verteilungsgesetz des 
Elemente, I.” Vidensk.-selsk. Skr. I. Math.-NtU. Kl. Kris- 
tiania, 1923, No. 3, i>p. 17. II. “ Beziehungen zwischen dea 
Geochemischen Verteimrigsgesetzen und dem Bau der Atome." 
Ibid., No. 4, 1924, pp 37. III. “ Rontgenspektrographische 
Untjersuchungen Uber die Verteilung der Seltenerz Erdmetalle 
in Mineralien.” Ibid., No. 5, 1924, pp. 58). Goldschmidt 
views the earth as a gigantic physico-chemical system, in which 
there has been a more or less complete separation of shells of 
different densities. These are the metallic kernel (chiefly 
nickel-iron), a sulphide-oxide zone, a shell of dense compressed 
silicates, and finally the thin crust of light silicates and silica. 
Founding upon this view of the original distribution of earth- 
matter, he divides the elements into four groups : siderophile 
(e.g. cobalt, platinum) concentrated in the nickel-iron core ; 
chalcopkile {e.g. copper, zinc, lead, gold, etc.), concentrated in 
the sulphide shell ; lithophile {e.g. magnesium, calcium, and the 
alkali metals) concentrated in the silicate shells ; and atmophile 
{e.g. nitrogen, argon), concentrated in the vapour envelope. 

A further separation of the elements ensues with advancing 
physico-chemical differentiation of the lithosphere. The residue 
of the chalcophile elements which are entangled in the silicate 
shell collect in the sulphide phases of differentiation ; the 
residues of the atmophile elements pass into the atmosphere ; 
and the lithophile elements separate into definite groups de- 
pending on the course of magmatic development. The fate of 
the rarer elements depends first on. whether they can enter 
isomorphously into crystallbed compounds of the common 
rock-forming elements. Thus Cr, V, Ni, etc., isomorphous 
with Fe" and are concentrated in the minerals of early 
crystallisation ; Ba, Sr, Rb, etc., enter into isomorphous 
relations with the felspar-making elements, and are thus 
concentrated with the felspars ; whilst many elements which 
are not isomorphous, or only feebly isomorphous, with the 
common lithophile elements, are concentrated in the residual 
liquids and gases, and thus appear in pegmatites and ore de- 
posits. The histories of V, Fe, Ni, Cu, and Zr (as sample 
elements) are sketched, in regard to their physico-chemical 
relations, from the initial earth-mixture to their present dis- 
tribution within the crust. 

Prof. J. H. L. Vogt deals with a cognate but more specialised 
topic in his paper on nickel in igneous rocks {Eeon. Geed., 
1923, pp. 307-53). He shows that one of the most impbrtukt 
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£KAors in determining the tenor of nickel in igneous rocks is 
the amount originally present in the ferro-magnesian silicates. 
Ihe nickel content of these minerals in peridotites is higher than 
in those of norites, and higher in norites than in the diallagic 
gabbros. In norites and other hypersthene-bearing rocks the 
amount of nickel increases with the amount of hypersthene. 
The metal also occurs in the olivine and biotite which may be 
present. 

W. Lindgren has also sketched the concentration and circu- 
lation of the elements, but from the standpoint of economic 
geolo^ (Econ. GeoL, 18 , 1923, pp. 419-42). Almost all 
metalliferous deposits are exceptional concentrations. The 
effect of fractional crystallisation in magmas is to produce 
concentrations of magnetite, ilmenite, pyrrhotite, and sulphides, 
which carry with them the bulk of the Ni, Co, Au, Ag, and 
Pt, and tend to sink out of reach of humanity into the depths 
of the crust. The gaseous constituents of magmas, however, 
work upwards with silica and the felspathic constituents, and 
all metals which affiliate with acid rocks and form gaseous 
compounds with halogens will be carried upwards into accessible 
regions. The aqueous salic extracts from these form pegma- 
tites with numerous metals {e.g. Sn, Mo, Wo, etc.), and rare- 
earth elements. The more gaseous constituents are carried 
up in persilicic waters and ultimately form the great metalli- 
ferous deposits of the globe. 

Lindgren emphasises the intense and dramatic part which is 
played by plants and animals in the concentration, distribution, 
and circulation of many elements, and follows out the stories of 
iron, sulphur, and vanadium from this point of view. 

From a study of geophysical data, especially considerations 
of density and earthquake vibrations, E. D. Williamson and 
L. H. Adams {Jour. Wash. Acad, Sci., 18 , 1923, pp. 413-28) 
have arrived at a conception of the distribution of matter in 
tihe earth which is analogous to that of Goldschmidt, except 
that no place is asssigned in it for a sulphide shell. They regard 
the earth as built of four layers : a thin crust of light silicates 
and silica, followed downwards by a thick zone of dense, heavy 
silicates, which, by admixture with nickel-iron, forming a palla- 
site zone, passes gradually into the nickel-iron core. 

Goldschmidt views the earth as the result of a gigantic 
metallurgical operation analogous to the smelting of copper, 
with the production of metal, matte, and slag ; the American 
workers, nowever, regard it as analogous to the smelting of 
iron, with the prtxluction of silicate slag and metal only. 

In a paper on the distribution of iron in meteorites and in 
tilie earth, L. H. Adams and H. S. Washington {Jour. Wash. 
Aoad. Sci., 14 , 1924, pp. 333-40) discuss the analogy between 

3; 
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the composition of meteorites and that of the earth. The two 
chief constituents of meteorites are nickel-iron and silicates, 
which appear to be immiscible. These constituents may be 
found practically unmixed in the siderite and aerolite types 
of meteorite respectively. In siderolites, however, the silicate 
may appear as scattered fragments within a nickel-iron con- 
tinuum [lithospor), or the. nickel-iron as discrete particles wit^ 
a silicate continuum (Jerrospor). Examples of the former are 
the pallasite types of meteorites ; of the latter aerolites and 
the iron-bearing basalts of Greenland. The earth is believed 
to have a core of nickel-iron which passes up gradually, through 
the lithosporic stage and the ferrosporic stage, to the silicate 
crust. On disruption planetary bodies built similarly to the 
earth would yield all the known types of meteorites. 

Washington has also discussed the radial distribution of 
certain elements in the earth (Jour. Wash. Acad. Sci., 14 , 1924, 
pp. 435-42), and has shown that there exist inverse progres- 
sions of silicates and nickel-iron, the first increasing outwards, 
the latter inwards. Further, amongst the elements of the 
crust (except aluminium), iron, magnesium, calcium, sodium, 
and potassium reach maximum proportions in succession 
towards the crust. This is also the order of oxidisability of 
these elements, and their order of characteristic occurrence in 
the electrochemical series. 

Tamman has also expressed the idea that the elements 
in the earth are arranged in the order of their electro-affinities, 
those that are more electro-positive than iron forming the mass 
of the crust. This general distribution has been compared to 
slag and iron in iron-smelting, and to slag, matte, and metal 
in the smelting of copper. Goldschmidt (see above) and 
Tamman have even suggested that a' matte or sulphide zone 
exists between the nickel-iron core and the silicate shell. 

" It would thus appear that the earth, as a whole, is 
mainly composed, to the extent of over 98 per cent., of 
only seven elements. These seven, in their order of abundance, 
are : iron, oxygen, silicon, magnesium, nickel, calcium, and 
aluminium. Smaller amounts of four others, sulphur, sodium, 
chromium, and potassium, bring the percentage to 99*60. 
Most of the other eighty-one elements may, therefore, be 
regarded as ‘ impurities,’ possibly produced, as Clarke has 
suggested, by some process of evolution. It is noteworthy, 
also, that the above elements, with hydrogen and cobalt, appear 
to be those most abundant in the sun’s atmosphere.” 

F. W. Clarke and H. S. Washin^on have now published 
thek complete computations r^arding the composition of 
the earth’s crust (U.S. Geol. Survey, Prof. Paper No. VKt, I 9 fa 4 » 
117 pp.). It is here only possible to mention some xti the topks 



GEOLOGY 


doalt with. The average composition of the crust, of the 
Cipmponent igneous rocks, sedimentary rocks, the lithosphere, 
hydrosphere, and atmosphere, and also of stony meteorites, 
are given. Then there is a geographical r^sum6 and charac- 
terisation of the data which bears intimately on the problem 
of petrographic provinces. The final section treats of the asso- 
ciation and distribution of the elements, and ends with a dis- 
cussion of their correlation and evolution. The book will be 
invaluable to petrologists, and to geologists dealing with the 
problems of the crust as a whole. 

L. H. Barnett has attempted to determine by statistical 
means the nature and percentage of the constituents of the 
earth's core, starting with the known facts concerning the mass 
and density of the earth, the composition and density of the 
outer ten miles of crust, and the Sp. Gr. of the elements, and 
premising that chemical laws are universal in time and space 
{jour. Geol., 88, 1924, pp. 615-35). His results indicate a core 
consisting of approximately 90 per cent, iron, 3 per cent. Ni, 
Co, and Cu, and 3 per cent, of the remaining elements. 

Orogeny and Epeirogeny. — G. Steinmann and his colla- 
borators have recently produced several memoirs on Andean 
geology. In a paper entitled, " Ober die junge Hebung der 
Kordillere SUdamerikas ” (Geol. Rundschau, 18 , 1922, pp. 1-8) 
Steinmann discourages the view of great Andean uplifts of 
recent date, and inclines to a moderate estimate of from 1,000 
to 3,000 metres in Late-Tertiary or Quaternary times. The 
few hundred metres uplift of the Pacific coast since the Middle 
Tertiary is as much orogenic as epeirogenic. The eastern 
Cordilleras show the maximum of upward movement. 

, In his work entitled, “ Umfang, Beziehungen, und Besonder- 
heiten der andinen Geosynclinale ” (Geol. Rundschau, 14 , 1923, 
p^. 69-82), Steinmann gives what is perhaps the clearest 
modern account of Andean structures, and institutes an instruc- 
tive comparison between the Andes and the Alps. The Andes 
do not show the complicated “ decken " structure so character- 
btic of the Alps, and this contrast probably has its foundation 
in the pre-histo^ of the ranges. In the Alpine type there is an 
astonishing variety of stratigraphical facies, and rapid alterna- 
tions of facies within confined regions ; whereas in the Andes 
the variations of facies are few, and are regional in their extent. 

Steinmann 's results may be summarised as follows : the 
Andean geosynclines of Mesozoic time from Cape Horn to the 
Gulf of Guayaquil were bounded to the west by an old con- 
tinental mass composed of ancient crystalline rocks and probably 
Palaeozoic sediments. In this mass the distinctive Andean 
^tures are absent. The Andean characteristics are, briefly, 
marine deposits of Tiiassic, Jurassic, and Cretaceous ages, 
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with several breaks of disconformable type ; basic eruptive 
in the Jurassic and Cretaceous, granodioritic intrusions and 
andesitic lavas in the Tertiary associated with youthful 
folding. The late Tertiary and Quaternary transgressions 
show mostly Pacific, but partly Patagonian and Antarctic 
characters, and only encroach here and there on the Andean 
region proper. The succession agrees fairly well with the 
interrupted sedimentary succession of the great Brazilian Maas 
which bounds the Andes to the east. 

H. Backlund ('* Kristalline Massengesteine und die andine 
Geosynclinale *’ Geol. Rundschau, 14 , 1923, pp. 395-301) has 
attempted to correlate Andean diastrophism with the igneous 
activity displayed during the Mesozoic and the Cainozoic, 
and this paper forms a useful summary of his larger work 
noticed in Science Progress, Jan. 1925, p. 392. He distii^uishes 
five periods of volcanic activity : plateau basalts of Pleistocene 
and Recent age ; andesites of late Cainozoic age ; “ labradorite- 
porphyrite ” lavas and tuffs of the Middle and Upper Creta- 
ceous ; “ andesine-porphyrites ” and quartzporphyries of the 
Oxfordian ; and, finally, the great group of the Trias “ por- 
phyri tes.” Four irruptions of plutonic rocks are also known ; 
mildly-alkalic granites of Pre-Liassic age ; granitites which 
penetrate sediments older than the Osdordian ; adamellites 
intruded into strata up to the Neocomian ; and, finally, a 
tonalite to quartz-diorite group which penetrates upwards to 
the Upper Cretaceous. In both plutonic and volcanic mani- 
festations there is a tendency to vary with time towards tihke 
basic pole of the igneous senes. The Cainozoic andesites and 
tonalites are correlated with the orogenic, and the plateau 
basalts with the epeirogenic movements of the Andean region. 

The contents of W. Penck’s article are sufficiently indicated 
by its title (“ Uber die Form andiner Krustenbeweg^ngen und 
ili^e Beziehungen zur Sedimentation,” Geol. Rundschau, 14 , 

1923. PP- 301-15)- 

. A good summary of past and recent geological work on the 
Peruvian Cordillera in the departments of Junin and Lima is 
given by D. H. McLaughlin (Bull. Geol. Soc. Amer., 88, 192^, 
pp. $91-632). Carboniferous, Mesozoic, and Cainozoic sedi- 
ments are described, and igneous activity in Carboniferous 
and Cainozoic ages is indicated. The ph}rsiographic history, 
especially in its relation to the enrichment of sulphidic ore 
deposits, has been closely studied. 

A paper by R. T. Chamberlain on the significance of the 
framework of the continents (Jour. Geol., 88, 1924, pp. $45-74) 

g oinits out that existing mountain-rang^ so often foUow the 
orders of continents as to indicate some genetic relationship 
to those borders. This, in its turn, leads to the beUef tlu^ 
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mountain-ranges also arose along continental mat^ins, 
ai^ that their trend lines may, therefore, have considerable 
palseo-geographic significance. A comparison of the trend 
ttpes of successive foldings from the Pre-Cambrian to the 
present time shows that, in many cases, the later folds have 
developed on the site of, or in closely adjoining parallel belts to, 
the older folds, indicating repetition of similar stress conditions. 
Judged by this criterion, the main lines of the continental 
platforms do not seem to have changed greatly during known 
g^logical time, and postulated ancient continents, such as 
^ndwanaland, cannot be recognised in this way. 

In a paper on Pre-Cambrian Folding in North America {Bull. 
Geol. Soc. Amer., 84 , 1923, pp. 679-702) W. J. Miller traverses 
many of the conclusions reached by Ruedemann (see Science 
P jtOGRESs, Jan. 1924, p. 383). Especially does he controvert 
the idea that the strike of Pre-Cambrian folding and foliation 
follows a “ grand and simple curvature ” more or less parallel 
to the outline of the North American continent. It is not 
possible in many cases to distinguish between Pre-Cambrian 
and Post-Cambrian foldings impressed upon the ancient rocks. 
Hence Miller believes there is insufficient warrant for Ruede- 
mann 's statement that North America acted as a unit in response 
to Pre-Cambrian diastrophic forces. 

In the ensuing discussion Ruedemann answered that the 
Pre-Cambrian trend lines not only included the folding directions 
but also the directions of foliation, schistosity, the major axes 
of the batholiths, etc., and when thus comprehensively con- 
iidered, the trend lines do show simple curvatures correspond- 
mg in general with the outlines of the continent. 

Baron G. de Geer has noted a very remarkable fact in his 
study of the Post-AIgonkian Oscillations of Land in Fennos- 
<umdia {Geol. F 6 r. Stockholms Fork., 46 , 1924, pp, 316-24), 
namely, that the latest Glacial uplift of Fennoscandia corre- 
ponds with the Pfe-Cambrian peneplain of that region in its 
situation, altitude, and eohypses. Hence the Botnian, Baltic, 
Stfid East Scandic (off west coast of Norway) flexures were 
Ulready marked out in the Pre-Cambrian ; and the situation of 
iffie Algonkian uplift has dominated all subsequent movements 
m the same region. 

Prof. £. Kjenkel has assembled the topographical, geolo- 
gical, and geodetic data in regard to the great rift valley remon 
of East iwica in a volume entitled, " Die Bruchzonen Ost- 
afrikas ” (Berlin : 1922, pp. 184). A summary of the work is 
to be found in Geol. Rundschau, 14 , 1923, pp. 209-32 ; and good 
reviews by H, Reck {Zeiischr. f. Vulk., 7 , 1924, pp. 247-56) 
and by Prof. J. W. Gregory {Nature, Oct. 6, 1923, pp. 514-^), 
whose recent book on the ecology and Rift Vall<^s of East 
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Africa should be mentioned in connection with Krenkel'a meirkt 
further help in the presentation of Krenkel’s views. Krenkel 
adopts an intermediate position between those of Suess nnd 
Gregory. He accepts two periods of faulting and three of 
volcanic activity for the Nyassa basin, and he regards all the 
volcanic rocks as Miocene or later. The gravity observations 
summarised by Krenkel support Gregory’s view that the Great 
Rift Valley began as a gentle linear upswelling of the earth’s 
crust, and was formed by a series of inialls along the crown of 
the arch. 

Useful summary articles on the structural plan of the 
mountains of Eastern Europe, on the Caledonian mountains 
of N.W. Europe, and on the Rocky Mountains, respectively, 
have been written by S. von Bubnoff (Geol. Rundschau, U, 
1924, pp. 147-74), A Born {Geol. Rundschau, 14 , 1923, pp. 
272-84), and by R. F. Flint {Jour. Geol., 88, 1924, pp, 432-41). 

BOTAinr. By E. J. Salisbury, D.Sc., University College, London. 

Ecology. — In the Trans. Norfolk and Norwich Nat. Soc. (vol. xi, 
part 5) Oliver compares the two dune-encumbered shingle 
systems of Blakeney Point and Scot Head. The similanty 
in general construction is most pronounced, but the Scot Head 
dunes as a whole present a later phase in succession than those 
at Blakeney, To this fact is attributed the richer flora of the 
former, which includes a number of shrubs not met with on the 
Blakeney dunes. 

The changes in a county flora are dealt with by Salisbury 
in Trans. Herts. N.H.S., vol. xviii, 1924. It is pointed out 
that the Herts flora, in common with that of the country as a 
whole, has been built up by a succession of invasions from the 
continent and elsewhere which is even now continuing. It is 
suggested that the succession of immigrating races from Neo- 
lithic man to the Normans were unconscious if not conscious 
agents in this dispersal. Of introductions in historic times it is 
significant of the influence of man that the more recent are 
chiefly of American provenance, the older of Continental. 
Only one native species, viz. Epilobium angustifolium, appears 
to have increased, a feature associated with the frequency of 
heath fires and the felling of woods. On the other hand, there 
is definite evidence of the decrease of eighty species, of whi^ 
no less than 62*5 per cent, are species of damp habitats, 35 
per cent, are plants of uncultivated land, 7*5 per cent, are 
weeds, and only 37 per cent, woodland plants. Data is fur- 
nished to show that the area of woodland has remained practic- 
ally constant during the period that the flora has been uhdW 
observation, whilst the area of heath, etc., has duninished by 



BOTANY 571 

at kMlBt 50 per cent. The high proportion of species of damp 
hlddl^s is correlated with the lowering of the permanent 
water table due to (a) increased facilities for rapici drainage, 
(b) tte increasing demands for water by the densely populated 
areas. 

G. A, Pearson {Ecology, vol. v, Oct. 1924) desmbes experi- 
ments on seedlings of various conifers, in which it was found 
that there was no appreciable difference in the capacity of the 
different species to extract water from the soil. Thus on a 
clay-loam soil the wilting coefficient was iO’2S per cent, for 
Pieta engelntanni and 10*56 per cent, for Pinus aristata, whilst 
that for P. scopulorutn and Pseudatsuga taxifolia was between 
these values. On a lighter soil composed of half clay-loam and 
half sand, the wilting coefficients were between 5*8 and 6*35 
per cent. The water transpired per unit increase on dry weight 
varied between 359 gms. for P. engelmanni to 440 for P. aristata, 
and the rate of transpiration varied with the supply of water 
to the soil. 

Cannon in the same journal gives a brief note recording 
observations indicating that the ratio of growth of roots at a 
given partial oxygen pressure to growth at normal aeration 
decreases with the increase of temperature and varies directly 
with the partial oxygen pressure when the temperature is 
constant. 

To test the availability of the nitrogen content of peat, 
Lipman and Wank {Soil Sci., Oct. 1924) determined the yield 
of, barley in dry weight grown on soil known to respond to 
nitrogenous fertilisers. Tests were made on untreated soil ; 
on soil to which peat, both untreated and prepared in various 
wnys, was added ; and on soil treated with nitrogenous manures, 
ofcwhich the nitrogen content was equivalent to that of the peat, 
Wliilst the last named gave yields more than twice those of the 
untreated soil, the peat gave only a very slightly increased 

y»«w. 

In the Arkiv fiir Botanik (Dec. 1924) Svedelius discusses the 
difcontinuous distribution of sub-tropical and tropical marine 
algae. The author lays stress on the many resemblances 
between the marine flora of the Indian Pacific and the West 
tpdian Oceans. BQrgesen showed that 46 of the 90 West Indian 
Qilorophyceae also occur in the Indian Pacific. Of the 45 
Fhaeophyceae, 18 are common to both regions, and this applies 
to 47 of the 108 Rhodophyceae. Smaller proportions are 
common to the West Indies and the Mediterranean. In the 
.genus Neomeris, for example, two species are confined to the 
W. Indies, two are restricted to the Indian Pacific, and two 
are found in both areas. A similar distribution is shown by 
species of Vahnia, Udotea, Halimeda, and other genera, as also 
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by the marine Phanerogams. These distributions ard 
buted to the former connection between the Indian Pfte^c 
and the Atlantic Oceans, which implies that the present diitribu- 
tion dates from at least Tertiary times. Moreover, the feet 
that the two areas possess most Chlorophyceee in c<nnmon 
(51 per cent.) and least Phaeophycea (40 per cent.) indicates 
that the former represent the oldest of the three groups, and 
the Phaeophycea the youngest. 

Cryptogamic. — New species of alga belonging to the genera 
Pithophora, Protoderma, Chondrocystis, and Dichothrix are de- 
described by Howe {Bull. Torrey Bot. C., vol. li, no. 8) and in 
the Bull. d. J. Soc. Bot. Suisse, Dec. 1924, H. Mtiller figures a 
new species of Coccobotrys found on calcareous rocks. 

In the Transactions B. Mycol. Soc. for Sept. 1 924 new species 
of Cordyceps and Myriangium are described by Petch. Two 
species of Cephalosporium which cause diseases of cultivated 
mushrooms are described by F. E. Smith ; whilst M. N. l^dd 
and A. Beaumont, dealing with the fungi responsible for rot 
in storage apples, of which they list no less than forty-three, 
describe new species of Phoma, Oospora, Cephalosporium, 
Hyalopus, Sporotrichium, Tilachlidium, and Graphium. 

Miss E. M. Doige and Dr. Butler describe the fungus re- 
sponsible for “ Citrus Scab ” under the name Sporotrichium 
citri, whilst C.^ C. Brittlebank and D. B. Adam describe a 
Pleosphceria which causes disease in cereals and other grasses. 

G. B. Sartoris {Amer. Jour. Bot., Dec. 1924) finds that the 
normally parasitic smuts Ustilago hordei, U. tritici, imd 
U. heufleri can be grown as saprophytes in artificial media. 

Taxonomy. — ^An interesting quilled variety of the common 
Dandelion is described by Prof. Weiss under the name of 
Taraxacum officinale yar. cucculatum {Jour. Bot., Oct.). In the 
same number Dr. Ridley describes a number of new species 
from the Malay Peninsula, belonging to the following genma : 
Sterculia, Tetractomia, Connaropsis, Ilex, Smythea, Micromeies, 
Eugenia, Oxyspora, Casearia, Canthium, Agapetes, Ardiaia, 
Trachelospermum, Tylophora, Gaertnera, JEschyanthus, GoiM- 
phostemma. Piper, Baccaurea, Ficus, and Pasania. 

A large number of new species from Florida are described 
by J . K. Sinall {Bull. T orrey Bot. C/.,Oct. 1 924), who also describes 
the following new genera : Deutoceras, Deeringothamnus (Anno- 
nacaea), Sanidophyllum (Hypericaceae), Litrisa, and Ammopurms 
(Compositee). In the same journal new S. American plants 
are described by Blake and Gleason. 

Anatomy.— WUaon {Bot. Gat., Oct. 1924), from a study cf 
the Chenopodiaceae and Amarantaceae, arrives at the coia- 
clusion that the medullary bundles have arisen i:>hylogeneticall^ 
by the gradual centripetal displacement of peripheral buncos 
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into file pith. This change, supposed to have originated at 
the nodes, has in some specie^ extended both above and below 
tm thO entire internode becomes involved. An early stage in 
this hypothetical series is presented by Chmopodium album, 
where the internal displacement is a temporary one in the nodal 
region; C. ambrosioides presents an intermediate condition, 
whilst the extreme modification is found in Amaranthus. 

The structure of the pneumathodes which are produced on 
the adventitious roots of the oil palm has been investigated by 
Yampolsky {Amer. Jour. Bot., Oct.), He finds they are organs 
of gnseous exchange whose formation can be induced experi- 
mentally by excessive soil moisture. They arise endogenously 
and at first possess typical root caps. The cortical region 
exhibits internal and external parenchymatous zones between 
which is situated the acrenchyma, consisting of thickened cells 
with copious intercellular spaces. Many other palms bear 
simitar structures on their adventitious roots. 

0 $netics, etc. — Peculiar irregularities in the pollen formation 
of Solandra grandiflora are described by M. G. Campin in the 
N. Phyt. for Dec. 1924. The haploid number of chromosomes 
appears to be eleven or twelve, and of these the same or a 
higho* number may arrive at one pole and five, six, or even 
fewer, at the other. Associated with this the tetrad fre- 
quency consists of two large and two small pollen grains. 
About half the pollen grains are binucleate, and triads or diads 
in plAce of tetrads are of frequent occurrence. As in Callitriche 
vanut, chromosomes are sometimes extruded during the hetero- 
type'< division. 

In the Journal of Genetics Watkins deals with the chromo- 
somi variations in a cross between Triticum turgidum (haploid 
nutter 14) and T. vulgare (haploid number 21), in which the 
diplbid number is 35. In the reduction division fourteen pairs 
of d^omosomes are formed, but the seven remaining univalents 
behind in the passage to the equatorial region. On reaching 
the Matter the univalents undergo longitudinal fission ; all or 
only some become included in the daughter nuclei. In the F| 

S oiration, plants with less than thirty-five chromosomes 
.ye fourteen bivalents, whilst those with more exhibit a sum- 
toliil of bivalents and univalents which is twenty-one. 

By Rboinald James Ludford, Ph.D.. B.Sc„ Univeisity 
College, London. 

Influence of Hydrogen-ion Concentration on the Metabolism 
qdaProtoaoa.— Since it has been shown recently that the growth 
tissue cultures is dependent upon an appropriate H-ion 
Concentration of the culture medium, it is interesting to note 
that M. Koffmann has demonstrated that certain ciuates are 
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powerfully influenced by the pR of the water in whufli thi^ 
live. Koffmann finds that the ciliates usually require a definite 
range of pH, with a certain optimum, for their development. 
Above the optimum and also below the minium, these organisms 
become encysted, or else they die. In certain of the Infusoria, 
Koffman found it possible, by adjusting the pH of the water, 
to bring about encystment, and by a further change, he could 
bring about the transformation of the encysted organism 
into the active free-living form (" Ober die Bedeutung 
der Wasserstoffionen-konzentration fiir die Encystierung bei 
einigen Ciliatenarten,” Archiv fur Mikr. Anat., 103 bd., 1934). 

The Physical Character of Protoplasm. — ^W. Seifriz has de- 
vised a method for measuring the elastic value of living pro- 
toplasm. By means of micro-dissection needles, he intrcmuced 
a minute particle of nicol into the interior of an Echinarachnius 
egg, and studied its movement under the influence of an electro- 
magnet placed on the stage of the microscope. Protoplasm, 
by this method, was found to exhibit the property of elasticity, 
and, since emulsions are not elastic and jellies are, he has been 
forced to the conclusion that the ultra-microscopic structure of 
protoplasm is not that of a fine emulsion as has been generally 
believed (Bri/. Jour, of Expt. Biol., vol. ii, 1924). 

The Behaviour of the Golgi Bodies during Cell Division . — ^As 
the result of the study of the Golgi apparatus during mitosis 
in transplantable tumour cells of the rat and mouse, R. J. 
Ludford has suggested that the manner of distribution of the 
Golgi bodies, into which the apparatus breaks up during mitosis, 
affords an indication of the rapidity of the mitotic process. 
In the slow-growing tumours studied, there was found to be 
no apparent relation between the movement of the centrosomes 
and the Golgi bodies. In rapid-growing tumours, however, 
the Golgi apparatus was separate into two approximately 
equal parts by the centrosomes, which carried the two parts 
with them to opposite poles of the spindle. Disintegration 
of the two parts of the apparatus, and dispersal of its elements, 
occurred subsequently. Since, in some rare cases, the apparatus 
remained intact, until the telophase of mitosis, it is concluded 
that the attraction between the apparatus and the centrosomes 
b not of fundamental importance in the mechanbm of the cell 
{Proc. R. Soc., vol. 97, i924)' 

The Effect of Parasites on Tissues. — ^Although the various 
typ>es of organisms parasitic upon animab have been extensively 
studied, the nature of the nbtological reactions of the host 
to infection has been comparatively neglected. Considerable 
interest^ therefore, attaches to the work of H. P. K. Agersboix, 
who has investigated the response of the tissues of the fresop 
water snaib Pkysa gyrina and Planorbis trivobna to infection 
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by tremitode larvse. All the tissues react by forming a secre- 
tion, which possibly has the function of an antidote to the 
parasitic* excretions. The secretion appears in the cells of the 
host as ^anules. They are most abundant during the early 
infection stages, and decrease subsequently. Agersborg sug- 
gests that the secretion originates in the nuclei of the cells of 
the hostj^ and is further developed in the cytoplasm, before it is 
dischaig^d into the intercellular spaces {Q.J.M.S., vol. 68, 1924). 

Fa^tkrs Regulating the Morphology of Tissues. — E. Barta 
has worked on the problem of the relation between the medium 
and the -i morphology of tissues and cells growing in vitro. In 
this woidc he used the fragments of the ureters of three-weeks- 
old rats, which contain epithelial cells, connective tissue, 
and smooth muscle. In a heteroplasmic medium without em- 
bryonic-tissue extract, the most active cells were the fibro- 
blasts and muscle cells : the epithelium degenerated in a few 
days. When the same medium was used, with embryo- 
extract in addition, there resulted membrane formation by the 
epithelial cells, but no growth and division. In homoplasma 
and embryo-extract there was an active irregular growth, and 
an invasion by the epithelial cells of the other tissues present, 
suggestive of the invasion by carcinomatous cells of subjacent 
tissues (Anat. Rec., vol. 29, 1924). 

Dedifferentiation of Medusae. — G. R. de Beer and J. S. 
Huxley have investigated dedifferentiation in the medusa 
Aurelia. They kept a number of these organisms without 
food in; aerated sea-water. Under these conditions there 
accrued, a marked decrease in size, and a striking change in 
general form, due to starvation affecting the various organs to 
a di|i<aent extent. There occurred also a definite histological 
dedmerentiation, well shown in the tentacles {Q.M.J.S., vol. 

68 , 1924). 

RagenertUion in Amphibian Embryos. — Pi.. Naville has studied 
regeneration of the tail of the tadpole of Rana temporaria follow- 
ing ejtperimental amputation. He finds no evidence for the 
view that there is cellular dedifferentiation at the beginning 
of regeneration. No tissue returns to an embryonic condition, 
such as would be the case if regeneration were a recapitulation 
of ontogeny. On the contrary^ regeneration appears to the 
writer to result from an acceleration of the growth of the tissues 
{Afchiu de Biol.^. 34, 1924). 

The Early Development of the Cat. — A considerable con- 
tribution to our knowledge of the embryology of the Carnivora 
hta been made by J. P. Hill and M.Tribe, who have worked out 
the early development of the cat. Their paper begins with a 
description of the ovum, its maturation, ovulation, and fer- 
til^tion. The process of cleavage is described, and also the 
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structure of the late morula, and early blastocylt stages. 
Development has been traced up to the forrnaticm of the 
didermic blastocyst. The observations detailed in Ibis paper 
have been discussed by the authors in relation witl^ previous 
work on relevant problems (QJ.M.S., vol. 68, 1924I. 

Human Embryology. — ^T. H. Bryce has contributed tine results 
of his recent investigations in the field of human eiibryology 
in a paper entitled, “ Observations on the Early Development 
of the Human Embryo.” This paper contains a description 
of three normal human embryos, belonging to the period of 
development preceding the cleavage of the paraxial mesoderm 
into the primitive segments ; reference is also made to certain 
abnormal specimens of the same periods. The earliest of the 
embryos described has been the subject of a former paper, 
in collaboration with Prof. Teacher. In view of the importance 
of this specimen, the material has been re-examined in the 
light of later researches. Two of the embryos, however, are 
described for the first time. They do not exactly correspond 
to any mentioned in the literature of the subject, and Prof. 
Bryce has, therefore, been able to furnish a numbar of new 
facts of general embryological importance. The value of this 
paper has been enhanced by a survey of the result of other 
investigations on the early development of the human embryo 
{Trans. R.S., E., vol. 53, 1924). 

The Swim-bladder of Fish. — F. G. Hall has carried out a 
number of experiments with perches with the view ito deter- 
mining the functions of the swim-bladder. He is of the opinion 
that the primary function of the swim-bladder is undoubtedly 
a hydrostatic one. Since a higher oxygen content yras found 
in the swim-bladder, under certain conditions, than existed in 
the blood, it is assumed that oxygen' must be secreted, at 
transferred from the blood to the swim-bladder. Expernnents 
carried out by the writer showed that the hydrogen^ion con- 
centration of the swim-bladder gland is increased by vctxtental 
stimulation. This, he considers, indicates the secretkn of a 
substance by the gland which may aid in the secretion of 
gases into the swim-bladder. The secretion is believed to be 
brought about by (a) an increased flow of blood because of 
the dilatation of the capillaries of the ” rete mirabile,” and (i) 
an increased tension of the oxygen, due to the local dissocMition 
of oxygen from oxy-hsemoglobin (Biol. Bull., vol. 47, 1924);, 

The Morphological Aspect of Secretion . — The problem of the 
origin of secretion granules has received the attention of a 
large number of investigators who have expressed widofy 
divergent opmions on the matter. Some recent research^* 
^ve added considerably to our knowledge in this field « 
inquiry. Nassonov has studied the formation of secretioA 
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flpnmulesln several glands of Amphibians, and in a later research 
he has investigated thd same process in some mammalian 
glands. :In general, he finds that the secretion, whether it 
be of a fluid or of a granular character, makes its appearance in 
intimate, relationship with the Golgi apparatus. The mito- 
chondria are undoubtedly involved in this process, and Nas- 
sonov suggests that they may provide part of the material 
which, under the influence of the Golgi apparatus, is converted 
into the secretion {Archiv fiir Mikr. Anal., bd. 97, 1923 ; 
bd. 98, 1924). 

Nassonov’s general conclusions as to the importance of 
the part played by the Golgi apparatus in secretion have been 
confirmed by R. H. Bowen. This investigator has called 
attention to the similarity between the formation of secretion 

S anules in gland-cells, and the acrosome in the spermatid. 

itenby first showed that the acrosome of moths, molluscs, 
and mammals was formed in relation with the Golgi apparatus, 
and this observation has been confirmed by Bowen working 
on insect spermatogenesis. As to the function of the acrosome, 
Bowen says that “it is essentially a secretory product the 
principal function of which is to initiate the physico-chemical 
reactions of fertilisation “ (Anai. Rec., vol. 28, 1924 ; Am. Jour. 
Anat., vol. 33, 1924 ; Proc. National Acad, of Sciences, vol. 9, 

1923)- 

On the basis of a comparison between the excretion by 
means of contractile vacuoles in the Protozoa, and the extrusion 
of secretory products from cells of the higher animals, Nassonov 
has sought to homologise an osmophil zone of cytoplasm, 
surrounding such vacuoles, with the Golgi apparatus. He points 
out that this osmophil periphery of the Protozoon contractile 
vacuole, and the Golgi apparatus of the mammalian cell, are 
both alike demonstrable by the same technique, and further 
the products formed within these cell-organs are discharged 
from the cell {Archiv fiir Mikr. Anat., bd. 103, 1924). 

The Internal Secretion of the Ovary. — Pl group of investigators, 
including E. Allen, B. F. Francis, L. L. Robertson, C. E. 
Colgate, C. G. Johnston, E. A. Doisy, W. B. Kountz, and H. V. 
^Mon have been engaged in the investigation of the internal 
secretion of the ovary, upon which subject they contribute 
a joint paper {Am. Jour. Anat., vol. 34, 1924). They have 
arrived at the conclusion that the seat of production of the 
principal ovarian hormone is localised in the follicle. Several 
Injections of the liquor folliculi into spayed rats and mice 
induce accelerated ^owth, hyperaemia, and secretion in the 

r ital tract characteristic of the period of oestrous. While 
this induced cestrous condition the test animals ex- 
perienced typical mating instincts, so that the sex instincts 
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appear to be ultimateljr dependent upon this ]|«anRone. 
Additional evidence for this assumptiob b afforded by» the fact 
that injections into immature animals, both normal and spayed, 
caused the premature attainment of puberty. The SoUicular 
hormone is not species specific. It is regarded as the principal 
female sex hormone, since the investigators were ufiable to 
find any active substance with similar properties in thecorpora 
lutea of either oestrous or pregnancy. 

The Islets of Langerhans of Fish. — D. J. Bowie has studied 
the islets of Langerhans in. a Teleost, Neomcenis griseus. By 
staining sections with neutral ethyl violet and Biebrich scarlet, 
he found similar types of cells occurred as have been described 
in mammalian islet tissue, and designated alpha, beta, and 
gamma cells. Bowie suggests that the gamma cells, which 
seem to be the first to appear in the islet, may give rise to the 
other two kinds of cells. It is interesting to note that no evidence 
was found of the transition between acinar and islet cells in the 
fish (Anat. Fee., vol. 29, 1924). 

The Germ-plasm Theory, and the Origin of Germ-cells.— -From 
an investigation into the origin of the spermatogonia of adult 
salamanders, G. T. Hargitt adduces further evidence against 
the validity of the germ-plasm hypothesis. According to this 
writer germ-cells are to be regarded as differentiating from 
cells of the embryo, or from slightly differentiated or dedif- 
ferentiated cells of the adult. “ The fundamental property 
of growth and differentiation would then explain germ-ceU 
formation, cell-differentiation, and organogeny without the as- 
sumption of a hypothetical germ-stuff as distinct from body 
substance.” 

C. S, Simkins has studied the orign of the germ-cells in a 
colonial ascidian, Ecteinascidia turbinata. No evidence was 
found to support either an extra-regional origin, or early segre- 
gation of the germ-cell. The author states, however, that no 
cells were found before the appearance of the germinal epithe- 
lium which could be shown to have any relation to the gem 
line {Jour. Morph. and.Phys., vol. 39, 1924). 

SWOKOXiOOT. By J. Davidson, D.Sc., Rothamsted ExperimeatsI 

Station, Harpenden. 

General Entomology. — G. H. Carpenter has brought out a second 
edition of his valuable book Insects, their Structure and Lifa^ 
(London and Toronto : J. M. Dent & Sons, Ltd., 1924, 335 pp., 
price 10s. 6d. net). The first edition appeared about twenty- 
five years ago, and much of the subject-matter has now been 
revbed. A bibliography of about 250 titles is given. J. H. 
Comstock has published a valuable textbook entitled An 
Introduction to Entomology (Ithaca, N.Y. ; The Comstock Pnb. 
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Co;j t 9 » 4 , pp. xix + 1044). The first part of this work was 
published separately in 1919, but several important changes 
nave been made in this new edition ; it deals with the structure 
ahd metamorphoses of insects. Part 2 deals with the classi- 
fication and life-histories of the insects under twenty-five 
orders. W. C. Cook {Canad. Eniom., 66, 229^34), as a result 
of certain observations of the influence of climatic variations 
on the flight of moths at Bozeman, Montana, concludes that 
the insect fauna of a given region is not a stable unit varying 
only in abundance from year to year, but is composed of smaller 
groups, each of which has a more or less definite optimum, and 
the composition of the fauna in a given season is very definitely 
related to the climatic conditions prevailing at the time of 
growth. D. Keilin {Bull. Soc. Entom. France, 1924, 125-8) 
discusses the primitive position of the stigmata amongst 
insects, and the fate of the thoracic stigmata. H. B. Weiss and 
E. West {Jour. N. Y. Entom. Soc., 82 , 93-104), in continuation 
of their insect surveys in different regions of New Jersey, treat 
here of the plants and associated insects of a salt marsh on the 
coastal plain. The insect groups represented in order of 
importance are Diptera, Coleoptera, Hymenoptera, Homoptera, 
and Hemiptera. Of the collections made, 39 per cent, were 
ph3rtophagous species, 21 per cent, saprophagous, 26 per cent, 
harpactophagous, and 13 per cent, parasitic. It is considered 
that the relationship between the food habits and the vegetation 
will probably be found to be the same for other marsh areas. 

Orthoptera. — N. Ford {Trans. Roy. Canad. Inst., 14 , 207— 
319) has made an extensive and detailed study of the muscles 
m Orthopteroid groups. It has been found that the charac- 
teristics of the musculature in the various groups afford evidence 
of their phylogenetic relationships. The muscles of the 
spiracles, as being less variable, are of particular interest in this 
respect. The position of the vaginal orifice and the nature 
of the subgenital plate and other neighbouring plates are more 
dearly understood from information regarding the muscles. 
The musculature of the cerd indicate that the cerci belong to 
the eleventh abdominal segment. 

B. P. Uvarov {Min. Agric. Egypt. Techn. and Set. Service 
Bull., 41 ) describes some new interesting Orthoptera from 
Egypt; descriptions of five new species and one new genus 
are included. 

Coleoptera. — R. T. Cotton {Proc. U.S. Nat. Museum, 66, 
i-ii] deals with the classification of the weevil larvee of the 
sub-lam. Calendrinae occurring in N. America, which is repre- 
sented by eleven genera and ninety species ; the generic characters 
of nine genera are given. F. van Emden {Treubia, 6, 1-7) desk 
with the biology of Thorictodes heydeni Reitt., the young 
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sta^ of the larva and pupa being described for the fint tiihe. 
This genus together with ThoricHts form the family Thoiictiden, 
the exact position of which is uncertain until more is known 
of the larval stages. Heller, K. M. {Philippine Jour. Science, tS» 
387-307), describes four new genera and twenty-nine new speaes 
of Philippine Curculionidae. Anexhaustivemonograph oiiDyHeeua 
margincuis L., dealing wi^h practically all aspects of the subiect 
by zoologists of the Marburg Zoological Institute, is published 
by E. Korscheldt (Leipzig, 1924, 8vo, 1834 pp. and 876 figs«). 
The Australian Coleoptcra, by A. M. Lea {Records South Ausk. 
Mus. Adelaide, 8. 523-46) is paper No. 5 in the series. 

Jan Obenberger {Philippine Jour. Science, 25 > 5 39-660) has an 
important paper on Buprestidse collected in Singapore, Borneo, 
and the Philippines ; keys are given for determination of the 
species. A. Reichensperger {Revue Suisse de Zool., 81 , 117-53) 
gives descriptions of some new South American Histeriw, 
found as guests of ants and termites. This paper is part a, 
the first part having appeared in Schweiz Ent. Mittl., 18 , 313. 
W. Schultze {Philippine Jour, of Science, 85 , 359-90) gives part 
2 of his important monograph on the Pachyrrhynchid group of 
the Curculionidae, eight genera being dealt with. H. Si^h- 
Pruthi {Proc. Zool. Soc., London, 46 , 827-69) has an important 
paper on the post-embryonic development and homologies of 
the male genital organs in Tenebrio molitor. The copulatory 
organ in insects originates as a pair of appendages which sub* 
sequently fuse to form the single tubular organ of the adillt. 
Muir {Psyche, 89 , 147, and Trans. Entom. Soc. London, iptS, 
pp. 223-31) claims, however, that in Coleoptera the genital tube 
IS a hollow diverticulum from the beginning, and at no stage 
shows the appearance of paired appendages. Singh-Prutni 
has now shown, in the species he examined, that the genital 
organ does originate as a pair of appendages, and even retains 
its paired appearance until the pupa is three or four days old. 
The latter part of this paper deals with the development of the 
ovipositor and the efferent genital ducts in T. molitor. Another 
paper by the same author {Proc. Comb. Philos. Soc. BUd. 
Sciences, 1 , 1 39-47) deals with the question of Prothetely in this 
species and other insects. In hemimetabolic insects, the 
nymphs, at an early st^e in development, possess rudiments 
of the external appendages of the adult ; in holometabolii: 
forms the appearance of these organs occur at a later stage. 
Sometimes the larvae of the latter group show some imaginal 
and pupal o^ans, which phenomenon was termed by Kolbe 
Prothetelie, implying that the organs appeared prematurely, 
due to an accelerated development. Various theories have be!^ 
proposed as an explanation of the phenomenon. Singh-Prutbi 
carried out experiments, the results of which show that the 
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appearance of the imaginal organs on the larvae is not due to 
accelerated development, but' rather to retardation of develop- 
ment, and the term Prothetely, as applied to the phenomenon, 
is incorrect. Schulze, in 1922, proposed the term Hysterotelie 
for the phenomenon in which larval organs appear in the 
imago. The known cases of Prothetely and Hysterotely are 
really cases of the same phenomenon, in which the pupation 
or metamorphosis of the larva is inhibited, and therefore come 
under the term Nootemy, the other terms being superfluous. 

Lepidoptera. — A. F. Braun {Ann. Entom. Soc. Amer., 17 . 
234-58) gives an account of the frenulum and retinaculum in 
both sexes, in the more generalised families of Lepidoptera, 
especially the so-called Microlepidoptera. It seems probable 
that a study of the progress of development and specialisation 
within the order may throw some light on the phylogenetic 
relationships in the Lepidoptera. The male retinaculum hook 
or frenulum is uniform in structure throughout the order, and 
it is rare to find a deviation from the general type ; the same 
uniformity in the structure of the sub-dorsal retinaculum may 
be observed, but on the female other retinacula have developed 
in the course of evolution. 

J. R. Eyer (Ann. Entom. Soc. Amer., 17 , 275-343) has a 
paper on the comparative morphology of the male genitalia 
in primitive Lepidoptera which will be of interest to the 
taxonomist and comparative morphologist. W. T. M. Forbes 
(Jour. N.Y. Entom. Soc., 82 , 146-58) gives a systematic study 
of the genus Mechanitis Fabr., keys to the various forms with 
notes on the species being given. Two papers dealing with the 
Lepidoptera fauna of the Galapagos islands, by W. Schaus 
{Zoologica, 6, 23-48) and W. Beebe (Zoologica, 5 , 51-59), give 
descriptions of about fifty new species. 

Diptera. — ^The following papers are of interest to the 
S3rstematist ; M. Bezzi (Bull. Entom. Res., 16 , 73-155) gives 
further notes on the Ethiopian Tr3rpaneidae, a complete synopsis 
of all known species (about 390) being given in the form of keys. 
G. F. Ferris (Philippine Jour. Science, 86, 391-40 1) describes 
and figures five species of Diptera-pupipara from Philippines, 
four of the species being from bats. G. H. Hardy (Proc. Linn. Soc. 
NS. Wales, 48 , 360-70) gives a revision of the Australian 
Chiromyzini. J. C. H. Meijere (Tijdschr. v. Entom., year 1924, 
Suppl.j pp. 1-64) has a third paper on the Diptera of Sumatra. 
A revision of the sub-fam. Sarcophaginae in the C^iental 
r^ion, especially the genus Sarcophaga, is dealt with by R. 
Senior-White (Rec. Indian Mus., 26 , 193-283). R. C. Shannon 
and J. D. Dobrosky (Jour. Washington Acad. Sci., 14 , 247-53) deal 
with a systematic treatment of the N. American species of 
Protocalliphora, the larvse of which are parasitic on 
38 
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birds, and J. D. Tothill (Canad. Entom., 66 * 2S7-^) has a 
revision of the nearctic species of the Tachinid genus 
Fabriciella. 

F. Bodenheimer has published further detailed studies of 
Tipula oleracea dealing with the synonymy, distribution, and 
anatomy of the adult {Arch. Naiurgesch., M, Abt. A, 61-108), 
and the morphology aqd biology of the larva (ZooL Jahtb, 
1924 Abt. System., pp. 129-54). J. G. H. Frew {Ann. Appl. 
Biol., lit 175-219) describes the life-history of Chlorops tamiopus 
in detail and gives an account of experiments showing the 
effect of different manurial treatment on the degree to which 
barley plants suffer from the attacks of this insect. Treatment 
with certain manures, particularly superphosphate, results 
in a reduction of the infestation of summer barley, due to the 
stimulating effect on the maturing of the ear and the growth 
of the ear-bearing internode. 

The question of the sex of adult forms arising from par- 
thenogenetically and paedogenetically produced individuals 
has been the subject of much speculation. Parthenogenesis 
among diptera was first noted in Miastor, by Wagner, in 1863, 
the larvae being found to produce young (paedogenesis) partheno- 
genetically. Imagines of both sexes are found, but it was not 
clear that males arose from larvae which had been produced by 
paedogenesis. R. G. Harris {Psyche, 81 , 148-54), working with 
Oligarces sp. (Cecidomyidae), has shown that males and females 
may arise from paedogenetic larvae, but that both sexes are not, 
under normal conditions, produced by the same individuals. 
Two types of paedogenetic larvae, in respect to the sex of the 
pupae and adults they produced, were found ; these male-pro- 
ducing and female-producing types are indistinguishable 
morphologically, and the evidence indicates that the distinction 
is genetic, the potentiality for producing males only or females 
only being inherited, resulting in male-producing and female- 
producing strains. 

R. Newstead {Liverpool School Trop. Med. Memoir, I, New 
Series, 334 pp.) gives a comprehensive account of the biology, 
distribution, and bionomics of the known species of Glossina 
(Tsetse-flies). J. H. Stekhoven Schuurmans {Treubia, Buiten- 
zorg, 6, 299-330) describes five Tabanid species from the island 
of Buru, Moluccas, only one Tabanid species having bera 
hitherto recorded from this island. The oesophageal diverticula 
in mosquitoes is the subject of a paper by W. R. Wright {Ann* 
Trop. Med. and Parasitology, 18 , 77-82). These diverticula 
arise as three sacs from the posterior portion of the oesophagiu 
in both sexes ; Wright considers that these organs are food 
reservoirs, but that this function is in abeyance in the blood- 
sucking females. 
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Hyimnoptera. — E. Bugnion {Mitt. d. Schweizerischen Entom. 
G$s$U. Bull, Soc. Entom. Suisse, 18, 368-96) gives the second 
part of his studies on the mouth parts of Scolia. F. Santschi 
{Mem. Soc. Vaudoise Sci. Nat., 1923, No. 4, 137-75) has a lengthy 
paper on the question of sidereal orientation in ants. The 
modes of orientation are different, depending on the stimuli 
utilised and the receptors affected. Topo-aesthetic orientation 
is that in which the animal goes in direct contact with the 
source of stimulation. Tel-aesthetic orientation is due to the 
reaction to distant stimuli. The former type may result from 
(a) the testing of the consistence of the surroundings or by 
feeling the shape or texture of things, {b) the recognition of 
traces of odours, (c) the registration of the intensity of muscular 
contraction so that the contractions can be repeated, thus, for 
example, giving an estimation of distance. The latter type 
may be due to the effects of ^avitational influences, to distant 
odours, to heat, sound, and light. 

W. M. Wheeler {Psyche, 81, 136-9) describes a gynandro- 
morph of the ant Tetramorium guineense F., which, unlike 
previously recorded ant gynandromorphs, is a pure antero- 
posterior type, the head being that of a normal male and the 
remainder of the body being female with well-developed wings. 

Hemiptera. — The first report on the Coccidaj of Palestine by 
F. S. Bodenheimer {Zionist Organisation Agric. Expt. Sta., 
1934, Bull., 1, 100 pp.) includes a history of the subject and 
distribution of the family in that country. 

Students of the aquatic Hemiptera will be interested in 
three papers by H. M. Hale {Records South Australian Museum, 
Adelaide, 8, 309-3«» 397-424, 503-22). 

H. N. Knight {Ann. Entom. Soc. America, 17, 257-74) has 
an interesting paper on colour patterns in Heteroptera. Breed- 
ing experiments with Perillus bioculatus show that the colour 
pattern of individual bugs is influenced more by external 
conditions than by inheritance ; black and brown colours are 
located in the cuticula and are not subject to changes once the 
adult stage is reached ; white, yellow, and red colours are located 
in the hypodermis and show through the areas where the black 
colouring is absent in the cuticula ; the white colour occurs 
in the absence of pigment granules or globules in the hypodermal 
oe^ls, while in the yellow and red varieties the hypodermal cells 
are filled to a greater or a less degree with minute coloured 

S lobules ; the accumulation of pigment globules in the h3rpo- 
ermis is influenced largely, if not entirely, by the physiological 
activities of the bug, which activities are governed very largely 
by the temperature of its environment, and the colour of the 
adult is determined the conditions under which the nymph 
has developed. J. M. Puri {Parasitology, 269-78), in the 
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second part of his studies on the anatomy of Cimex techtlctrius 
L., deals with the stink organs, which are considered as having 
a defensive function and probably also a sexual function in the 
adult. An important paper on symbiotic fungi in coccids, by 
W. Schwartz {Biol. ZentralbL, 41, 487-528), deals with the 
physiological aspect of the problem, previous investigators 
having studied the question from the anatomical and develop- 
mental point of view. The author concludes that the symbionts 
are in full relationship with the animal organism, but that the 
condition obtaining is not symbiosis in the restricted sense. 
It would appear that the fungus is essentially concerned with 
the breaking down of the albuminoid end-products of the 
animal’s metabolism. L. M. Staniland {Bull. Entom. Res., 
15 , 157-70) shows the relationship between the relative resist- 
ance of various varieties of apple stocks to Eriosoma lanigerum 
and the different distribution of the sclerenchymatous tissue 
in these varieties ; the factor appears to be important as 
affecting the accessibility to the aphis of the tissues rich in sap. 
Part 3 of “The Aphididae of Formosa,” by Takahashi Ryoicni 



Other Orders. — Students of Collembola will find the paper by 
J. R. Denis {Ann. Soc. Entom. de France, 98, 211-60) on the 
Collembola of the Paris Museum of interest ; many type ^ecies 
are described and several new species erected. H. E. Ewing 
{U.S. Nat. Mus. Proc., 68, 1924, Art. 20, 42 pp.) has a paper on 
the taxonomy and distribution of the biting lice, fam. Gyropidae ; 
three new sub-families, seven new genera, and twelve new species 
are described. The same author {Proc. Ent. Soc. fVashingion, M, 
209-10) records five species of fleas from the island of Hawaii ; 
these species are all of economic importance, having regard to 
the spread of flea-borne diseases, and have evidently been 
introduced to the island. An intracellular symbiont is recorded 
as present in the hog louse Hcematopinus suis L. by L. Florenra 
{Amer. Jour. Trop. Med., 4, 397-409) : the symbiont is located in 
mycetoc3rtes on the wall of the midgut and thought to be related 
to the physiology of digestion ; there is a mycetome in each 
oviduct in the female which is transmitted through the egg. 
J. J. de Gryse and R. C. Treherne {Canad. Entom., 66, 177-82) 
de^ with the male genital armature of the Thysanoptera, liie 
results of wHhich studies may afford evidence as to the phylo- 
genetic relationship of the group. 

R. C. Hartwell {Ann. Entom. Soc. America, 17 , 131-58) has 
investigated the olfactory sense of the termite Reticulitemm 
fiavipes (Kollar) in order to anal]7se the assertion of Mclndoo 
that the olfactory sense in insects is not located on the anteiuw 
but on the legs and wings. Experiments made with different 
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substaMes show that termite do possess an olfactory sense, 
although not well developed, which appears to be connected 
with the antennae, since response to odours does not occur if 
the antennae are rendered functioiiless : definite conclusions 
cannot, however, be drawn from these limited experiments. 
It is nearly thirty years ago since Kirby published his work on 
the Dragon-flies of Ceylon, and the recent catalogue by F. F. 
Laidlaw {Spolia Zeylanica, Colombo, 12, 335-74), based largely 
on collections made by E. E. Green, brings the records of the 
Dragon-fly fauna up to date. Thirty-three species of 
Ephemeroptera from Sunda Island and the Philippines are 
described by G. Ulmer (Treubia, Buitenzorg, 6, 28-91), only two 
species having hitherto been recorded from the Philippines. 
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THE ELECTRON AS A KEY TO ATOMIC 

STRUCTURE 

By ANN CATHERINE DAVIES. D.Sc. 

Royal Holloway College 

The fact that ionisation occurs when electrons with sufficient 
energy collide with atoms of a gas or vapour has been known 
for a considerable time, but it was not until the formulation 
by Bohr, in 1913, of his theory regarding the extra-nuclear 
electrons of atoms, that the possibilities of electron bombard- 
ment as a means of investigating the extra-nuclear structure, 
and of modifying it so as to produce atoms in abnomal con- 
ditions, came to be realised. In the hands of numerous experi- 
menters the electron may be said to have proved as useful an 
agent for the investigation of the outer atomic structure as the 
a-particle is found to be in unravelling the constitution of atomic 
nuclei. 

According to Bohr’s theory, each of the planetary electrons 
of an atom revolves in an orbit (elliptical or circular) with the 
nucleus in one focus, each electron describing its own indepen- 
dent path. Contrary to the electromagnetic theory, no emission 
of radiation accompanies the revolution of the electrons in 
their orbits. In the normal state of an atom all the electrons 
are describing definite orbits distributed in accordance with 
certain assumptions, and the potential energy of the atomic 
system is a minimum. According to the theory, however, 
there are various other states in which the atom can exist 
temporarily, when one or more of the planetary electrons 
describe orbits of different dimensions and eccentricities from 
those described in the normal state. These abriormal states 
of the atom may be termed '* excited ” states, and in such statn 
the energy of the atomic system is always greater than it is 
in the normal or permanent state. In general the atoms tend 
to revert from the excited states back to the normal state, 
either directly, or by passing; through intermediate excited 
states, and an emission of radiation results from these change 
from one state to the otho*. The ionised state of an atom is 
that particular state in which one of the planetary electrons 

SS6 
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has been completely removed, leaving the residue with a positive 
chaise. 

Suppose A and B denote two successive states of the atomic 
system during a reversion to the normal state, the potential 
energy Wb of state B being less than the potential energy W* of 
state A. Then, according to the theory, when the atom passes 
from state A to state B, the energy difference Wa — Wb appears 
in the form of a monochromatic radiation of frequency v given 
by the relation Wa - Wb - A v where h is Planck’s constant. 

In an atom containing several planetary electrons these are 
bound to the nucleus with varying degrees of firmness, some 
being much more readily detached than others. Speaking 
generally, we may say that the planetary electrons can be 
divided into groups, such that approximately the same amount 
of energy is required for the removal of any electron from a 
particular group. The most firmly bound are known as the 
K electrons, the next as the L electrons, and so on. The dis- 
placements of one of the most loosely bound electrons to the 
various abnormal orbits, and the subsequent reversion of the 
atom to the normal state, give rise to radiations belonging 
to the arc spectrum of the element. Radiations belonging 
to the spark spectrum of the element are produced by similar 
transitions of a loosely bound electron in a positively charged 
atom, i.e. in one which has already had one or more of these 
electrons completely detached. 

The importance of the electron as an instrument for investi- 
gating the relations between the normal state and the various 
excited states of the atom lies in the fact that experiment 
has shown that it is possible for a normal atom to be converted 
to an excited state, or for an abnormal atom to be converted 
to another state of greater excitation, by the transference to 
the atom of the kinetic energy of an electron which collides with 
it. The kinetic energy of a moving electron is connected with 
the potential difference V through which it has fallen by the 
relation J w t/* — « V, where e is the electronic charge. In 
order that an electron, at an encounter with an atomic system, 
may be able to transform it from a state in which the energy 
is W, to a state in which the ener^ is W„ its kinetic energy 
I m must not be less than W, - W,. Therefore, the smallest 
value of V, the potential difference, which will enable the 
atomic system to be transformed in this way, is given by 
B V - W, - W,. This value of V is thus a critical value, and 
is referred to as a critical potential. 

The manipulation of the electron in investigating the possible 
excited states of an atom therefore resolves itself into the 
determination of the critical potentials which can give rise 
to the various abnormal atomic conditions. 
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Outline of Experimental Methods op determining 
Critical Potentials 


The smallest critical potential of an atom will be that corre- 
sponding to the displacement of one of the outermost electrons 
to the first possible position of displacement from its normal 
orbit. In general the atom reverts at once from this condition 
to the normal state, giving out radiation in so doing, and for this 
reason the lowest critics potential is sometimes referred to 
as the “ radiation ” or " resonance ” potential of the atom. 
The smallest critical potential for the production of ionisation 
corresponds to the complete removal of one of the most loosely 
bound electrons, and this potential is frequently spoken of as 
the “ ionisation potential ” of the atom. There are, of course, 

other ionisation potentials corre- 
I spending to the removal of more 

Jj. firmly bound electrons, but the 

term is commonly used in the 
restricted sense just mentioned. 

^ The experimental procedure for 

Q. ' the determination of atomic critical 

potentials is simplest in the cases of 
the monatomic gases and vapours, 
pL. for in these cases the encounters 

y?.— between electrons and atoms have 

imiiiiiitiimtiiin ^ perfectly elastic 

^ . except when a definite transformation 

of kinetic energy of the electron, to 

Tia. r.— Diii«raniinatic re- potential energy of the atom, takes 
preaentatioQ of the arrangement nlnce 

of electrodes and electric nelde in ^ i 

the inelastic collision method. The methods DV whlch the CTltlOU 

radiation potential may be measured 
can be divided into two classes : 

(a) Those in which a loss of kinetic energy of the bombarding 
electron is detected. 


(A) Those in which the resulting radiation is detected. 

Methods of class (a) are known as “ inelastic collision ’* 
methods, and one of these has been largely employed, in the 
cases of the^ metallic vapours, by Tate, Foote, Meters, and 
Mohler. This method is particularly valuable in the case of 
elements having very low critical potentials, and whose resulting 
radiation is not photoelectrically active. 

The essential points of the method can be illustrated by 
reference to Fig, i . Electrons from a glowing filament F are 
a^elerated towards a metallic " grid ” G by means of a potential 
difference V|, of variable magnitude, applied between these 
electrodes, Those elec^trons which pass throi^h the interstices 
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of the grid encounter a constant small retarding difference of 
potential V, applied between the grid and a plate P. The 
electrodes are enclosed in a glass containing vessel which can 
be filled with the gas or vapour under test, at a low pressure. 
For values of greater than V„ the electrons which pass 
through the grid are able to reach P unless they lose some or all 
of their kinetic energy by encounters with gaseous atoms. If 
the current reaching P is measured — ^with an electrometer or 
sensitive galvanometer — for gradually increased values of Vj, 
and plotted against this potential difference, the stages at which 
the electrons acquire sufficient kinetic energy to produce 
excited states of the atoms with which they collide are indicated 
in the resulting curves by inflections towards the axis of poten- 
tial difference. Owing to the finite velocities with which the 
electrons are emitted from the filament, and to contact differ- 
ences of potential, etc., the value of Vj at which the first in- 
flection occurs in the curve is not in general exactly equal to 
the first excitation potential V. An accurate determination 
of V can be made from observations of the type described, by 
arranging so that for large values of V, the electrons make 
several collisions with gas atoms, at each of which they lose 
an amount of energy corresponding to a potential difference V, 
during their progress between the filament and the grid. This 
can be done by using the gas at such a pressure that the distance 
between these electrodes is several multiples of the mean free 
path of the electrons in the gas. When Vj reaches, and passes, 
a critical stage the curve indicates a bend towards the potential 
difference axis, because many of the electrons are losing prac- 
tically all their kinetic energy and are thus unable to reach P. 
As is increased, the amount of kinetic energy which each 
electron retains after collision ultimately becomes sufficient to 
carry it to this electrode, and the current increases again with 
increasing Vi until a stage is reached at which an electron, after 
having made one collision, acquires, before reaching the grid, 
sufficient energy to undergo another inelastic collision, when, if 
the pressure conditions are properly adjusted, another inflection 
b obtained in the curve. The successive inflections in the curves 
will then be separated by potential difference intervals exactly 
equal to V, which is thus obtained independent of correction. 

By employing pressures such that the distance between the 
filament and the grid is only of the order of the mean free path 
of an electron in the gas under test, the electrons can be pre- 
vented from making successive collisions in which they lose 
energy corresponding to the first critical potential. In these 
circumstances the current-potential difference curves will show 
inflections towards the potential difference axis for values of V, 
at wluch states of greater excitation of the bombarded atoms 
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are produced, and thus critical potentials higher than the first 
can be determined. 

Various modifications of this method of inelastic impact have 
been employed, each introducing some refinement with a view 
to obtaining sharper inflections in the curves and an increased 
resolving power for critical potentials separated by very small 
voltage intervals. Space, however, does not permit any 
detailed description of these modifications in the present 
article. 


The method we have been considering is not usually em- 
ployed for the measurement of ionisation potentials because 
the interpretation of results is complicated by the fresh ions 
produced when ionisation occurs. A method of determining 
ionisation potentials, which has been very largely employed, 
can be considered simultaneously with the 
p . methods (b) of determining excitation 

B 3 potentials. This can be explained by 

n reference to Fig. 2 . The electrons from 

• * the glowing filament F acquire energy by 

falling through a variable difference of 
"n potential V, applied between F and a metal 

^ _ grid G. In general the distance between 

F and G is small, 2 mm. or so. Between 
Fio. Diagram- G and B (a second similar metal grid) a 
matic representation constant potential difference V, is apphed, 
electee opposing the motion of the elertrons 

fields in the Davis and towards B, and larger than the maximum 

Gouche method of value of V, to be employed, so that no 
Md*iaSwtio“pSten! electrons from F ever reach . and pass 
tiab. through B into the space beyond. Between 

B and a metal plate P, separated by a 
distance of only a few mm., a small difference of potential 
is applied such that P is positive to B. Now if the electrons 
from F produce ionisation of the gaseous atoms between 
G and B when they collide with them, the resulting positive 


ions will be uiged towards the gauze B and some will pass 
through into the space beyond and, having acquired ener^ frma 
the large potential difference V„ between G and B, will reach 
P in spite of the small potential difference opposing their motioni 
thus causing an electrometer connected to P to register a positive 
current. If, however, the encounters between electrons and 


atoms in the space between G and B do not produce ionisation, 
but merely result in the production of excited atoms, then the 
return of these atoms to the normal condition yields radiation 
which is in many cases of such a frequency as to be photo- 
electrically active. With the electric fields as describe the 
occurrence of such collisions will be indicated by the r^;istration 
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of a iumativ 9 current, for since B is negative with respect to P, 
photoetectrons will leave B and travel towards P. Hence if the 
current to P is measured as Vj is increased, and the results 
plotted, the curve will be found to have the general form 
shown in Fig. 3, where A indicates the commencement of radia- 
tion and B the commencement of ionisation. By making the 
potential difference V, between the upper grid and the anode P 
opposite to, and greater than, V„ the positive ions resulting 
from ionisation of the gas can be prevented from reaching P, 
and the critical potentials for the production of radiation can 
.be examined alone. As the currents due to ionisation are in 
general very much larger than the photoelectric currents caused 



Fig. 3. — Typical current- voltage curve showing radiation beginning at A and 
the production of positive ions beginning at B. 

by the radiation resulting from the return of excited atoms to 
their normal state, the arrangement of electric fields just de- 
scribed is especially useful for the investigation of critical 
excitation potentials above the first ionisation potential, e.g. 
the critical potentials for the displacement of a second electron 
after one has been removed. 

All critical potentials measured by the method just described 
are subject to a correction to allow for velocity of emission 
of the electrons from the filament, etc. Elaborations of the 
method to yield the critical potentials independently of cor- 
rection have been devised, but again space does not permit of 
their inclusion in this short account. 

The photoel^tric method, just described, for measuring 
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the critical potentials of gases and vapours, can be employed 
in the case of solids also. The method consists in bomb^W, 
in the highest obtainable vacuum, a target of the soUd, vdw 
electrons whose energy is variable, and in investigating how 
the photoelectric current from an electrode exposed to the action 
of any radiation which may result from the bombardment of the 
target varies with the potential difference V, applied to vary 
the energy of the bombarding electrons, suitable arrangements 
of electric fields being employed to prevent ions resulting 
from the bombardment reaching the detecting electrode. If 
the ratio of the radiation current to the total electron current 
is plotted against Vj it is found that for any given target an 
approximately straight line relation is obtained, with abrupt 
changes of slope at various stages. These abrupt changes of 
slope indicate that some new type of atomic disturbance is 
occurring, the recovery from which causes additional radiations 
to be superposed on those already in existence. Radiation 
which is not characteristic of the particular target employed will, 
of course, result from the sudden stopping of the electrons by 
the target; but it can readily be ascertained whether any 
bend in the curve is associated with this general radiation, or 
with a radiation characteristic of the target, by testing with 
several targets in turn. If the bend occurs at the same voltage 
with all the targets, it can be attributed to the general 
radiation. 

If the radiation which is produced at the first critical 
potential of a gas or vapour has a frequency falling in the visible 
region of the spectrum, we can locate this critical stage by watch- 
ing for the first appearance of lines in the spectrum of the dis- 
charge as we gradually increase the energy of the electrons 
bombarding the gas. We may expect to obtain, first of all, a 
spectrum consisting of a single line, or a single doublet or 
triplet, and to get the complete arc spectrum when the ionisation 
potential is reached. Even if the radiation emitted at the first 
radiation potential does not fall in the visible part of the 
spectrum, the ionisation potential can be determined by watch- 
ing for the appearance of lines in the visible region as the 
eneiw of the dectrons is increased. A form of apparatus which 
has been found suitable for investigating critical potentials in 
this way is shown in Fig. 4. It contains two lime-coated 
platinum filaments F, F, which are employed one at a time. A 
short distance below the filaments is a gauze cylinder G open 
at the end remote from the filaments. Just inside the open end 
of the cylinder is a circular platinum plate A which serves as 
an<^e. ^ These electrodes are sealed into a small glass vessel 
which just fits between the pole pieces N and S of an electro- 
magnet. The enogy of the bombarding electrons from the 



ELECTRON AS A KEY TO ATOMIC STRUCTURE 593 

filameat is varied by varying the potential difference applied 
between the filament and G, and G and A are usually main- 
tained at the same potential. The apparatus contains the gas 
or vapour at a low pressure, and when the discharge becomes 
luminous the magnetic field causes the luminosity to be con- 
centrated into a bright central 
column of light between the grid 
and anode, and this column is 
observed through a wave-length 
spectrometer. When the various 
critical stages are reached the 
advent of new lines in the 
spectrum of this luminosity 
can be readily detected. 

In determining the ionisation 
potentials of gases by methods 
similar to those described, it 
must be borne in mind that if 
the experimental conditions are 
such as to make it possible for 
an appreciable proportion of the 
atoms which are in excited states 
to be struck by other bombard- 
ing electrons, before they have 
reverted to the normal state, 
ionisation of the gas by cumula- 
tive effects will occur below the 
normal ionisation voltage. Such 4.— App^atus for conc^- 

effects are, however, only likely 
to occur to anything but a 

negligible extent when very intense bombarding electron streams 
are employed, and when the gas pressure is of the order of i mm. 
or more. 

Discussion of Critical Potentials in Relation to 

Spectra, etc. 

We will now pass on to a general consideration of the results 
which have been obtained, and of their value in throwing 
li|;ht on the arrangement of the planetary electrons in atoms of 
different types. For every elementary substance whose atomic 
ionisation potential has been measured, indications have been 
obtained of the existence of lower critical potentials at which 
radiation is produced. This fact constitutes very :de^ite 
evidence in support of the general idea of excited states of atoms 
upon which Bohr’s theory is based. That excited states of 
atoms can be produced by electron bombardment enables a test 
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to be made of the explanation which the theory offers of the 
origin of spectrum lines. Suppose, for instance, that critical 
potential determinations, by electrical methods, have shown 
that four different stages of excitation of an atom of a particular 
element can be produced by electron bombardment below the 
ionising potential, and suppose the critical kinetic energies of 
the electrons producing these different types of excited atom 
are denoted by E„ E„ E„ and E* respectively. Then, if we 
denote the enei^ of the normal condition of the atom in question 
by N, the energies corresponding to the various excited states 
are (N + E,), (N + E,), (N + E,), and (N + EJ. Now if the 
energy of bombardment is adjusted to produce atoms in the 
state having energy (N + E*) we might expect to find evidence 
of the production of spectrum lines corresponding to any of the 
following transitions : 

(N + E«)-)-(N 4- E.), (N + EJ->(N + E,), (N + E.)->- 
(N + e;), (N +E.)->N. 

(N + E.) (N + E,), (N + E.) (N + E,), (N + E.) -► N. 

(N + E,)->-(N + EJ, (N + E,)-)-N. 

(N + E,) N. 

On the other hand, if the bombardment produces atoms having 
energy (N + E,) only, we could only expect to get the lines 
corresponding to the transitions — 

(N + E.)-)-(N + EJ, (N + E,)->N. (N + E,)->N. 

Similarly for the other stages of excitation, we should expect, 
in accoraance with the theory, that certain lines could be 
produced and that others would be absent. As a matter of 
fact, the elaboration of the theory imposes certain restrictions, 
the so-called “ selection principles,” which exclude some of the 
transitions corresponding to those enumerated above from the 
list of possible inter-orbital jumps. This does not, however, 
affect the general argument we are considering at present, which 
is that, at each stage of excitation of the atom, before ionisation 
occurs, we should expect, in accordance with Bohr’s theory, 
to find additional lines appearing in the spectrum of the bom- 
barded gas. Several instances of the observation of such an 
effect have been obtained, among which may be mentioned the 
detection of stages in the excitation of the thallium arc spectrum 
by Mohler and Ruark, of the mercury arc spectrum by Pavlov, 
Hertz, and Eldridge, and the neon arc sj^trum by Horton and 
Davies, and by Hertz. We may summarise the results of experi«> 
ments on the stages in the excitation of different spectra 
saying that though all the stag^ to be anticipated firom theorjl^ 
have not been found in practice, this is ptohahfy to be attiv* 
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buted to difficulties connected with the detection of faint lines, 
and that in all the stages which have been observed there is 
nothii^ in conflict with the theory. The large number of cases 
in whidi some of the arc spectrum lines have appeared before 
others gives definite support to Bohr’s theory of the origin of 
spectrum lines. 

If we accept Bohr’s theory in its essential points, then in 
the case of elements whose spectra have been completely 
analysed into series, information with regard to the various 
possible energy states of an atom in which the most loosely 
attached electron has been displaced from its normal position 
is to hand in the terms of the arc spectrum. The frequency of 
every spectrum line in a series spectrum is expressible as the 
difference of two terms, e.g., \s - mp, all the lines of one series 
having the same first term. The limit of the series is the fre- 
quency given by the first term. Now on Bohr’s theory we 
get a set of lines related similarly to the lines of an optical 
series, if we group together lines corresponding to jumps from 
different initial orbits to the same final orbit, the limiting 
frequency of such a set of lines corresponding to the falling in 
of an electron from outside an ionised atom to the particular 
final orbit under consideration. Therefore, on Bohr’s theory 
of spectra, the terms whose difference gives the frequency of any 
spectrum line must each correspond to some quantity charac- 
teristic of one of the orbits between which the jump occurs, the 
first term corresponding to the final orbit, and the second term 
to the initial orbit involved in the transition. Extending this 
idea, we see that each term is a quantity characteristic of some 
particular orbit. Since the second term in the expression for 
the frequency of any line is zero in the case of the limiting 
frequency of a series, i.e. when the atom is initially ionised, 
the quantity to which any term corresponds must be the fre- 
quency connected with the energy difference between the ionised 
state of the atom and the state associated with the term. 

If the spectrum has been analysed into series the terms are 
known, and therefore most of the possible excited states of the 
atom, with its most loosely attached electron displaced, are 
known in relation to the ionised condition of the atom. If one 
of the terms of the arc spectrum corresponds to the normal 
state of the atom, then the possible excited states into which 
the atom can be put, by displacements of its most loosely 
attached electron, are known completely, and critical potential 
measurements can merely give confirmation without adding 
an^thin^ new to our knowledge in this respect. The question 
of 4ecidin^ whether any term of the arc spectrum of an ^ment. 
at ordinarily observed, does correspond to the normal state <n 
atom can be settled by reference to the absorption spec- 
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trum of the element. In general, it is found that certain smes 
of lines occurring in the emission spectrum appear as series of 
absorption lines when white light is passed through the vapour 
of the element. When this is the case the series will be found 
to have one term in common. We have seen that emission of 
radiation is explained as a process occurring when an atom 
passes from one state of excitation to a state of less excitation, 
i.e. when an electron jumps from one abnormal orbit to another 
of smaller enerjgy value, the amount of energy liberated in the 
form of radiation being equal to the energy difference of the 
two states of the atom. The converse process would be the 
abstraction of energy from the radiation and its transformation 
into potential energy of the atom in the state of greater excita> 
tion. Therefore, if white light is passed through a monatomic 
vapour, only certain wave-lengths will be suitable for absorption, 
namely those corresponding to the jumps from the normal 
orbit to orbits associated with excited conditions of the atom. 
Hence the term which is common to all lines of the absorption 
spectrum found under normal conditions must correspond to 
the normal state of the atom. 

In the cases of the alkali metals, the first critical potential 
is found to correspond to the first line (a doublet) i s - 2 ^ 
of the principal series of the arc spectrum, and the ionisation 
potential corresponds to the limit of this series, namely to the 
term i s. In these cases the series of lines is - mp h the 
absorption spectrum of the element. Therefore in these In- 
stances the relative energy values of the various excited states 
of the atom vath its most loosely attached electron displaced, 
are known completely from the spectrum terms. . 

In contrast to the alkali metals, we find in the rare mses 
helium, neon, and argon, examples' of elements in whkm we 
cannot obtain all the information necessary for a complete 
Imowledge of the possible orbits of a displaced electron from 
the terms of the ordinarily observed arc spectra of these elements. 
It has been explained that the terms of the arc spectrum enable 
us to arrive at the distribution of possible excited states of 
the atom in relation to the ionised state, and that the ccm- 
nection between the normal state and the excited states can be 
determined from the absorption spectrum of the element. 
In the case of the rare gases, none of the lines of the arc spectra 
appear as absorption lines when white light is passed throi^fa 
the gas. The link necessary for connecting the excited 
states with the normal state, simply from spectrum observa- 
tions, is, therefore, missing in these cases. It has been obtaii^^ 
however, from critical potential measurements, for since ipe 
ionisation potential gives the connection between the nons^ 
State and the ionised state, the connection between the nortnil 
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M&te and: the excited states corresponding to the various 
spectrum terms follows directly. In the case of helium the 
ionisation potential has been found to be about twenty>five 
volts, and 'two radiation potentials have been found differing 
from the ionisation potential by voltages corresponding to 
the terms 2 s and 2 S, these being respectively the highest 
terms of the two independent serial systems of helium, namely 
the doublet system and the singlet system, and thus corre- 
sponding to two of the states of least excitation of the atom. 
This led to the conclusion that at the first critical potential the 
electron is displaced to the 2 s orbit, and, at the second, to the 
2 S orbit, and hence it located the normal state of the helium 
atom in relation to the various excited states. 

A spectroscopic location of the normal energy level has 
since been made by Lyman, who found a series of lines in the 
extreme ultra-violet spectrum of helium in the region of 600 
A.U., whose frequency differences seemed to indicate that they 
belonged to the series N — m P, where N denotes the term 
corresponding to the normal state of the atom, and 2 P, 3 P, 
4 P, etc., are terms of the singlet serial system. The limiting 
frequency of the series was calculated by adding the term 2 P 
to the frequency of the first line of the series N - 2 P, and the 
position of the normal ener^ level, in relation to the other 
states, was found. The ionisation potential calculated from 
this limiting frequency did not agree exactly with the ionisation 
potential found from critical potential experiments. The 
difference has since been shown to be due to the experimental 
difficulties involved in determining the correction for velocity 
of emission of electrons from the filament, etc. 

In the gases neon and argon, the extreme ultra-violet series 
have not been determined, and the results of critical potential 
measurements are the only sources of information connecting 
the normal conditions of the atoms with the excited states 
corresponding to the terms of the arc spectra. We see, there- 
fore, that critical potential measurements are of particular 
interest in the case of elements whose arc spectra have not 
been analysed into series, or whose absorption spectra have 
not been found. 

So far, in considering possible excited states of atoms, and 
the iitformation in regard to these obtainable from critical 
potential measurements, we have confined our attention to those 
exdted states in which only one electron — the most loosely 
attadttd one — has been displaced from its normal porition. 

types of excited atom can, however, be produced 
lrith#ut much difficulty, by bombarding the atoms with electrons 
havi^ somewhat larger . energies. For instance, after one 
dNirim has been cominetdy removed, a second electron within 

39 
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the ionised atom tnay b? displaced to another orbit, or may 
even be completely removed from the atom, leaving it witn 
a double positive cha^. The gap created by the disturbance 
of the second electron is always filled first in such circtunstances, 
and . the transitions of the electron which eventually fills the 
gap give rise to lines of the spark spectrum of the element. 
Now experiment has shown that the state of affairs necessary 
for the emission of such spark spectrum lines can be brought 
about by the simultaneous displacement of both electrons at 
one impact or by the occurrence of a second impact on an 
already ionised atom. If the first process occurs, the bom- 
barding electron must have kinetic energy sufficient to bring 
about the simple ionisation of the atom, and then its further 
excitation, whereas if the second process occurs any single bom- 
barding electron need only possess the larger of these two 
amounts of energy, generally that required for the further 
excitation of an already ionised atom. The second process, 
however, will only occur when a very dense bombarding electron 
stream is employed, for it depends upon the occurrence of 
impacts with atoms ionised by previous collisions, before these 
ionised atoms have become neutralised. 

The conditions of the excitation of a particular line in the 
spark spectrum of helium, namely, X 4686, have been the 
subject of several investigations. The helium spark spectrum 
is of particular interest because in the positive helium atom 
we have a simple system consisting of a nucleus and one electron, 
such as is found in the hydrogen atom alone among electrically 
neutral systems, and for such systems Bohr’s theory can make 
very definite predictions. The testing of these predictions is, 
therefore, of obvious interest as providing evidence for or against 
the theory. The lines of the spectrum of atomic hydrogen are- 


given by the expression w — N where n and m are 

integers and N is a constant. According to Bohr’s theory 
the spectrum of the positively charged helium atom should m 

given to a close approximation by the relation f - 4 N 

The line 4686 fits the relation i' 4 N ~^)’ according 

to Bohr’s theory it should be possible to produce this line by 
supplying to the positive helium atom energy equivalmt to 

4 N this being the amount of energy required to remove 

^e remaining electron from its normal orbit, mven by 4 HjJto 
the initial orbit involved in the emission of the line. iHte 
theoretical value of this quantity corresponds to that acqdimtd 
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by an electron in falling through a potential difference of 50*8 
volts, and the line has actually been observed at 51 volts, but 
not for lower potential differences. The agreement between 
these two values is evidence in favour of the theory. 

The critical potentials associated with the displacement of a 
second electron, and with the production of the spark spectrum 
lines connected with it, have been investigated in many cases 
besides that of helium, notably in the case of argon and the 
metals of the alkaline earths, so that in these cases information 
is to hand about the energy relations of the excited states of 
atoms when two electrons are displaced from their normal 
orbits. Spark spectra corresponding to yet higher excited 
states of atoms have been analysed in some cases, of which 
A 1 + + and Si + + + may be mentioned. Critical potential measure- 
ments corresponding to such processes have not yet been made, 
though the results of such experiments would be of value in 
providing the connecting link between the normal states of the 
various types of ionised atom and the higher stages of their 
excitation, transitions between which give the known lines 
of the spark spectrum in question. 

There is another type of abnormal atom which can be pro- 
duced by electron bombardment, which we must consider 
briefly, namely, excited atoms in which, instead of the most 
loosely attached electron having been displaced, an electron 
from an inner more firmly bound group has been disturbed and 
brought to the periphery of the atom. The creation of a gap 
in an inner group of electrons, and its subsequent filling by an 
electron from one of the groups outside the one in question, 
gives us the X-ray spectrum of the element, the lines of the 
K series corresponding to the filling up of a gap in the inner- 
most CTOup by an electron which may come from any of the 
outer levels, the L series corresponding to the filling of a gap 
in the second innermost group, and so on for the M, N, etc., 
senes in the case of the heavier elements in which many groups 
exist. If the group in which a gap is created does not lie very 
far in the interior of the atom the series of X-rays which can 
result from its subsequent filling will not be very “ hard,” 
and ior most elements there will be at least one such set of 
radiations with wave-lengths which are too great to be measured 
by crystal methods. It is in connection with the determination 
of the amount of energy required for the creation of a gap in 
an electron group, whose subseauent filling gives only tnese 
soft X-rays, that critical potential measurements are, therefore, 
of most interest, and several investigations of the critical 
potentials for the production of soft X-rays fropi solids have 
been made during the last three years. The absorption limits 
of the various X-ray series correspond to the process of re- 
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moving an electron from the group in question to the boundai^ 
of the atbm without giving the displaced electron any kinetic 
energy, and they therefore correspond to the terms in the 
optical spectrum. It is, perhaps, permissible to refer to the 
potential difference connected by the quantum relation eV’-hv 
with the frequency of the absorption limit of any electron 
group, as the ionisation potential for that group. 

The more recent developments of Bohr’s theory attribute 
the long periods in the periodic classification of the elements, 
and certain outstanding features in the physical properties of 
some of the elements in these periods, to the fact that at certain 
stages in these periods, as we pass from element to element in the 
order of increasing atomic number, the electrons which are 
added go to the enlargement of an inner electron group instead 
of assisting towards the completion of the only partially filled 
outermost group. A change in the constitution of a group of 
electrons in the interior of the atom will, according to Bohr’s 
theory, reveal itself in the Moseley curves for the absorption 
limit corresponding to the electronic group concerned, by a 
decrease in the inclination of the line to the axis of atomic 
number. To test the theory in regard to the further develop- 
ment of inner electronic groups throughout the long periods of 
the periodic classification of the elements, it is, therefore, 
desirable that the Moseley curves for the absorption limits 
corresponding to the electronic groups concerned should be 
constructed. Practically no data are available from X-ray 
experiments regarding absorption limits of such comparatively 
low frequencies as those for the special regions of the particular 
electronic groups concerned, and the critical potential method 
is one of the possible ways in which it can be supplied in the 
case of solids. 

According to the theory, the M electronic group is undergoing 
development in this way between the elements scandium and 
zinc. The theory distinguishes three sub-groups among the 
electrons constituting the M group, but this fact does not affect 
the point at issue at the moment. Critical potential measure- 
ments for seven successive elements in this region, from 
chromium to zinc, have been carried out in the laboratory of 
the Royal Holloway College, and these have shown that the 
change of slope in the Moseley curves, predicted by Bohr, 
does occur in the M curves in the region of these deir^ts. 
In these experiments critical potentials at which an increased 
photoelectric effect occurs are determined, and each such st 
marks the attainment by the bombarding electroijs of 
energy requisite for the displacement to the periphery of the 
atom of an electron from an electronic group or sub-group 
yet more firmly attached to the nucleus than those from 
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preceding displacements have occurred. The identification of 
any critical stage with the creation of a gap in a definite elec* 
tronic group is effected by extrapolating the curves for the 
various absorption limits, from the region of high atomic 
number, where reliable data are available from other sources, 
down to the region of atomic number under consideration. 
The success of experiments on the higher critical potentials 
of solids depends to a very great extent on the maintenance of a 
very high vacuum in the apparatus, for the ionisation of even 
slight traces of residual gas is sufficient to swamp the photo- 
electric currents. Several investigators have carried out re- 
searches on a few isolated elements, but so far the field of 
higher critical potentials has not received nearly as much atten- 
tion as the region of critical potentials corresponding to the 
disturbance of the most loosely attached electrons in atoms. 

In conclusion, a passing reference may be made to the 
existence of what are known as “ metastable ” states. These 
are excited conditions of atoms from which the atoms do not 
spontaneously revert to the normal state. The possibility 
of such conditions follows directly from the selection principles 
by which Bohr's theory has been elaborated, and which impose 
restrictions which prevent the occurrence of direct transitions 
between certain pairs of the possible states except in the presence 
of very strong electric fields. An encounter between an atom 
and a bombarding electron of sufficient energy seems to come 
within the category of exceptions, and certain of the excluded 
transitions occur in the one direction as the result of electron 
bombardment, which leave the atom in a state from which it 
cannot spontaneously revert to the normal condition by the 
reverse transition. Encounters of these excited atoms in 
metastable states, with atoms of other substances, or even 
with normal or excited atoms of the same element, may enable 
the atom to get back to the. normal state, because the encounter 
may result in the production of a different excited state, of 
lower, or even slightly higher, energy value, from which the 
atom can revert directly. If a lower state of excitation results 
the eneigy difference between the metastable state and this 
lower state is converted into kinetic energy of translation of 
one of the colliding atoms, and conversely if the intermediate 
excited state is one of higher energy, the excess is acquired at 
the expense of kinetic energy of translation. 

Such experimental evidence as is available of the period of 
duration of an atom in an excited state from which a direct 
return to the normal state is possible, seems to indicate a value 
of about 10 sec. for this quantity. Since the mechanism 
by which metastable atoms ultimately become normal is entirely 
dmerent, it seems probable that the average period of duration 
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of a metastable state is of quite a different order^ and that it 
may be made to vary with certain controllable feictors. Now 
in any excited condition of an atom in which one qf the outer- 
most electrons is displaced, we have a system in which one 
electron is describing an orbit of definitely larges* dimensions 
than the other electrons, and the system becomes in certain 
respects analogous to the' alkali metal group of elements. 
Hence it is conceivable that metastable atoms may enter into 
chemical combinations into which the normal atoms do not 
enter. The band spectrum of helium has been attributed to 
disturbances of helium molecules produced by the union of 
pairs of metastable helium atoms, and evidence has recently 
been obtained of the production of compounds of helium with 
atoms of other elements. 

We see, therefore, that the bombardment of atoms by 
electrons of approximately uniform energy of controllable 
magnitude, besides being a means of obtaining evidence with 
regard to the various energy levels in different atoms, may also 
prove to be an important factor in the production of new 
chemical compounds. 



ON THE FORM AND FUNCTION OF 
THE GOLGI APPARATUS 
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Imperial College of Science and Technology, London 

The presence of the Golgi apparatus has now been established 
in practically all vertebrate tissues and in all the invertebrate 
tissues examined up to now, and also in many plant tissues. It 
was first discovered in 1898 by Golgi, after whom it is named, 
in the ganglion cells of Vertebrata, and also by Ballowitz in 
the epithelial cells of Descemet’s membrane in the eye. Inde- 
pendently of these two workers, Holmgren, in 1 899, using entirely 
different methods, demonstrated a similar apparatus in various 
nerve-cells. 

Work was devoted from now on mainly to discovering its 
mode of development and its form. Among pioneer workers 
on the subject may be mentioned Negri (’01), Golgi and his 
school, Kopsch (’02), Bergen (’o4)> Cajal (’15), and Deineka 
(’10). These workers, using various animals and various tissues, 
demonstrated the presence of a Golgi apparatus in all verte- 
brate tissues. 

The extent of these studies depended, and still depends, 
practically entirely upon two properties exhibited by the 
material of the Golgi apparatus, (i) That of reducing osmic 
add to metallic osmium and becoming strongly blackened 
thereby. This acdon was discovered by Kopsch (’02), and 
usually requires impregnation in 2 per cent osmic acid for 
anything up to fourteen days and even more, some workers 
impregnating for a month. Kopsch 's original method was 
simply to place small pieces of the material to be fixed in 2 

E er cent osmic acid in a glass-stoppered tube or bottle and to 
uive them in the dark for from eight to ten days, after which he 
washed them thoroughly for twenty-four hours in running 
tap-water, dehydrated them in the usual way, and, finally, 
sectioned them in paraffin. The sections he mund could be 
mounted unstained, but often required some differentiation, 
the cytoplasm being blackened as well as the apparatus. This 
differentlaticm he carried out in turpentine, which decolorises 
the <^oplasm, fat, yolk, etc., but leaves the Golgi apparatus 
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blackened. The method has been modified b;y; the addition 
of a preliminary fixation before osmication, in some fluid 
which may or may not contain osmic acid, but which is designed 
to obviate the shrinkage caused by the osmic acid. Clfief 
among these modifications may be mentioned those of Weigl, 
Sjovall, and Kolatschev. 

The second property of the Golgi apparatus material is that 
of becoming impre^atedT with various silver salts. This 
was the method utilised by Golgi when he first observed the 
apparatus. His original method was that of fixing for from 
24 to 48 hours in a mixture of 8 parts of 2 to 2*5 per cent 

? otassium bichromate, and 2 parts of i per cent osmic acid. 

hen the pieces were transferred directly to a 75 per cent 
solution of silver nitrate and left for from 24 to 48 hours or 
more. After this they were placed in 80 to 90 per cent alcohol, 
which was changed until it remained clear. They were de- 
hydrated in the usual way and mounted without a coverslip 
in thick xylol-damar. 

This technique, which was ori^nally designed for nerve- 
fibres, etc., has been modified considerably by workers such as 
Cajal and Da Fano. Da Fano’s method for the Golgi apparatus 
consists of fixation in a mixture containing formalin and cobalt 
nitrate, for from 6 to 8 hours, and impregnation in i *5 per cent 
silver nitrate for 24 or 48 hours. The object is then reduced 
in Cajal’s hydroquinone mixture. It is dejfiydrated, enfliedded 
in paraffin, and sectioned. The sections are mounted on the 
slicfe and toned in acid gold chloride ; excess silver is washed 
out in a solution of sodium hyposulphite, and they are finally 
mounted in balsam with a coverslip. The method requires 
practice and is somewhat capricious, but gives excellent x%sults 
on the whole. 

A brief sumniary of the chemical properties of the Golgi 
apparatus material may serve for comparison with those of 
other cell inclusions, such as mitochondria, with which it might 
be confused. 
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In addition, the Golgi apparatus can very rareljr be stained 
or observed in the living cell, whereas the mitochondria 
may be stained by Janus Green, and have been observed 
moving about in the cell by various means. Hence one sees 
that the Gogi apparatus, by chemical methods may, with care, 
be distinguished fairly definitely from the other cell inclusions. 

Morphologically the apparatus varies considerably in the 
different tissues and groups of animals in which it has been 
described. The typical form in vertebrate cells is that of a 
network of anastomosing threads and fibres, usually compact, 
or fairly so, and often definitely orientated in the cell. It is 
quite often found in close association with the archoplasm 
surrounding the centrosome, and several theories as to its 
function have been based upon this association. The actual 
form of the network varies in individual cells in a tissue, but 
the average form in any one tissue may be said to be constant 
and to differ in various details from the average form of any 
other tissue, and quite often to resemble quite closely the form 
of the network in the corresponding tissues of other species. 
This network has been described in all vertebrate gland cells, 
in most epithelial cells, in nerve cells, in bone marrow cells, and 
in other tissues, and consequently may be termed the general 
topical form. In the germ cells it is considerably modified and 
will be dealt with later. 

When considering this form of the Golgi apparatus, and 
indeed all forms, it is as well to remember that the apparatus 
has rarely been observed in the living cell. The static picture 
obtained by present techniques is only the result of fixation 
of a fluid medium of varying consistency whose component 
parts are kept in position by various tensions. Hence consider- 
able caution should be exercised in formulating any theories 
as to the relations between the varied forms exhibited by the 
ai^aratus in different tissues. Indeed a number of sceptics 
consider that the whole thing is nothing but an artefact. How- 
ever, this view needs a great deal of substantiation, and is rather 
improbable in face of the facts of the almost universal occurrence 
of the body, its general conformity to two forms, occurring 
in vertebrates and invertebrates respectively, and also in face 
of its occurrence and general similarity under a variety of con- 
ditions of fixation. 

The other form which is taken on by the Golgi apparatus is 
found chiefly in the Invertebrata ; and here it is almost as 
universal in its distribution as is the network in the Vertebrata. 
It consists of small, disperse, lamellar, vesicular or rod-like 
dements, often spread haphazard all over the cytoplasm of the 
cell in question. They have, however, been recorded by several 
authors as orientating themselves at various periods in the 
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history of the cell, and sometimes fusing together to; form one 
single mass. There is some considerable dispute aS to what 
is the true form of these small elements ; some w^kers state 
that the little rods and scales found in most osmic preparations 
are the true state, others that the vesicles seen after many 
silver impregnations represent the apparatus, and that the rod- 
lets are caused by the .inferior fixation produced by osmic 
methods. However, this again is a problem that can only be 
directly solved by observation of the apparatus in vivo. 

As stated above, the apparatus was first discovered by Grolgi 
in various nerve cells, and he named it the " apparato reticulare 
interne.” According to his description it is a closed network 
of fine fibres occupying the intermediate zone of the cell cyto- 
plasm and separated by a distinct interval from the nucleus 
and from the surface of the cell. Towards the nucleus the 
net sends out fine fibres. Golgi expressed himself with ^eat 
reserve concerning its function and nature, but was very positive 
that it had nothing to do with the neurofibrils, and that it 
was entirely intracellular. In a very few years this pioneer 
and his school demonstrated the apparatus in the tissues of all 
the more important organs and structures in the vertebrate 
body ; in nerve, gland, kidney, liver, cartilage, striated muscle, 
epithelial cells, leucocytes, connective tissue, interstitial cells 
of the testis, etc. Meanwhile Kopsch (’02) had worked out 
his osmication method, and much work confirming the silver 
impregnation results was carried out by his school. 

Apart from these two discoveries, Holmgren, and Nelis to a 
lesser degree, in 1 899 had found in nerve cells fixed by various 
methods such as picric-sublimate, an endocellular net of juice 
canals, which remained clear in stained preparations. The 
cells were found to contain moderately fine canals of fairly 
uniform calibre, forming a dense network which extended 
round the nucleus and here and there communicated ^th 
the exterior by definite canals. From then on he published 
several accounts of the connection of these canals with processes 
penetrating the nerve cells from the capsular cells surrounding 
them. He claimed that this canalicular system, or ” tropho- 
spongium,” corresponded with the Golgi apparatus ; and cer- 
tainly a comparison of the superficial forms 01 the two organoids 
leaves little room for doubt. However, little credit has been 
given to the theory, chiefly on the grounds that none of the net- 
work fibres of the Golgi apparatus reach the surface of the cdfl. 
The other is redded by many workers as an artefact. However, 
Bensley, Guillermond, and Mangenot have demonstrated in 
plant celb a similar canalicular system which develops into the 
vacuolar apparatus of the mature plant cell, so that one Is 
forced to give very careful consideration to the [ffoblem. 
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Dwitig the first ten years at least, our knowledge as to the 
£anction of the internal reticular apparatus remained at a 
standstill. Several theories were proposed, such as that of 
Ballowitz, who suggested that it formed a framework for the 
centrosphere, and invented the name of " Zentrophormium ” 
for it. It was, however, shown that the connection between 
it and the centrosphere was by no means permanent, and the 
theory was discredited. Most workers were very circumspect, 
and refused to commit themselves to any definite statement 
on the matter. 

A wider study of the occurrence revealed, as has already 
been stated, that this net form was not universal. In the cells 
of invertebrates the Golgi apparatus occurred as small elements 
scattered throughout the cytoplasm, and not as a condensed, 
localised network. Finally Sjovall and Bowen have demon- 
strated another form of Golgi apparatus occurring in the male 
germ cells of insects and of many mammals, at least. Here 
the apparatus takes the form of a closed or open capsule whose 
walls impregnate strongly with osmic acid. 

That these three forms represent one and the same category 
of organoid has been fairly conclusively shown by Hirschler 
in the development of Limncea stagnalis. Here he traced the 
apparatus from the egg to the adult, and he found the following 
very interesting sequence. In the egg and in the blastomeres 
up to the gastrula stage the apparatus takes the form of little 
scales and closed vesicles — the diffuse stage. During the larval 
stages, however, this diffuse stage becomes transformed into the 
complex, localised type. In ganglion-, yolk-, and mesoderm- 
cells it takes the form of a closed or open capsule with an 
osmiophil membrane. In epithelial cells it is present as a 
proup of little elements which gradually becomes transformed 
into a network, and so reaches the typical vertebrate appearance. 
Confirmatory evidence is afforded in cell division in many 
vatebrates, where the network breaks up into small vesicular 
elements, and these pass into the daughter cells, and there 
fuse together again and form a new network. 

In recent years some considerable amount of direct and 
indirect evidence has been brought to show a strong connection 
between the Golgi apparatus and secretory activity on the part 
of the cells of various tissues. Dealing ^t with the indirect 
evidence : in 1915 Cajal had observed that during embryonal 
development the Golgi apparatus of the ectoderm cell always 
lies between the nucleus and the exterior, and even maintains 
this position when the ectoderm is reversed, as in the formation 
of the optic vesicles. It had also for some time been known 
that in cells of fixed secretory polarity, such as the acinus 
cells of the pancreas and salivary gland cells, the Golgi apparatus 
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always lies between the nucleus and the dischai^itt pole of 
the cell, that is between the nucleus and the lumen of tne gland. 
In 1922, however, Cowdry found that in the thyroid gland the 
apparatus normally migrates from one end of the cell to the 
other at times, so that it does not always lie between the 
nucleus and the lumen. At certain periods it miCTates towards 
the lumen, but at others it flows round the nucleus and takes 
up a position at the far end of the cell with the nucleus between 
it and the follicular cavity. This migration may take place 
in whole follicles or only in single cells. A somewhat similar 
situation had already been described by Biondi (1911) in the 
choroid plexus, and by Golgi (1909) in mucus-secreting intes- 
tinal epithelial cells. Now we have reason to believe that the 
thyroid, unlike the pancreas and such similar glands, can, under 
certain obscure conditions, pour its secretion into the vascular 
network on its periphery, and hence, Cowdry has suggested 
that in the migration of the Golgi apparatus we have an indica- 
tion of physiological reversals of polarity. This suggestion 
is supported by the work of Masson (1922) on the centrioles in 
malignant thyroid tumour cells. The centrioles, like the 
(^Igi apparatus, lie usually between the nucleus and the lumen 
of the gland, but in the tumour cells they migrate to the other 
end of the cell, and lie between the nucleus and the peripheral 
vascular network, with an accompanying redistribution of colloid. 

Important work in connection with the researches of Cowdry 
and Masson has been performed by Reiss (1922) on the anterior 
lobe cells of the cat’s hypophysis. There are known to be 
three related types of cell in this organ, which, from being 
chromophobe, become basophile, then acidophile. ■ Reiss in- 
vestigated the position of the Golgi apparatus in these three 
types, by counterstaining the cytoplasm with various dyes 
after silver impregnation. He found that in the chromophobe 
cells it lies without any special orientation, thus coinciding with 
the theory of this cell being in a resting condition. In the 
basophil cell the apparatus always lies between the nucleus 
and the periphery of the cluster, and in the acidophil cell between 
the nucleus and the central area. Reiss claims to have seen 
all transitional stages between these three conditions, and inter- 
prets his observations as indicating a mechanism whereby the 
cells can first pour out a secretion towards the periphery and 
then turn about and pour a second, different secretion into 
the centre of the cluster. 

Recent work by Da Fano has shown that in the mammary 
gland cells during pregnancy and lactation, the Golgi apparatus 
enlaiges considerably and becomes more complicated, whoeas^ 
during the resting period between such physiological phenomena, 
the apparatus is quite small and simple. This same worker, 
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with many others, has shown also a general derangement of 
the normal conditions of the Golgi apparatus in various tumour 
cells and in various unhealthy tissues, leading often to a great 
hypertrophy of the network. 

All these observations point at least to a definite relation 
between the Golgi apparatus and secretion ; but whether the 
apparatus takes an active part in actual secretory metabolism 
cannot be postulated on this evidence alone. However, more 
direct evidence has been collected recently, notably by Nassonov 
and Bowen, working independently ; Bowen’s work, however, 
was evidently inspired by that of Nassonov. 

Nassonov (1923) working on the pancreatic and interstitial 
testicular cells in a mouse, was able, by using Kolatschev’s 
modification of the osmication method, to demonstrate a close 
relationship in position between the strands of the Golgi reti- 
culum and the smallest secretory droplets demonstrable. These 
granules then lose their connection with reticulum and move 
towards the secretory pole of the cell, growing as they go ; and 
this, at first sight, would point to there being no physiological 
relation of the apparatus to secretion. On closer observation 
he found that each secretion granule carries with it a small 
osmiophil particle, which Nassonov interprets as a piece of the 
apparatus. He suggests three alternative theories to explain 
these phenomena: (i) Direct transformation of the apparatus 
itself into secretory products ; (2) That the Golgi reticulum 
plays the p 61 e of an intermediary between the ultimate secretory 
products and some other source which furnishes the raw 
materials and which may be the mitochondria ; (3) The 
secretion droplets may come from undifferentiated cyt^lasm, 
out of which, in immediate contact with the Golgi reticulum, 
and under its influence, the droplets are synthesised. There 
he leaves the matter, except to state that the first theory is not 
supported by the facts oteerved. 

Bowen in 1924 published work which was an elaboration 
of the recent researches of Nassonov, and which confirmed 
his results to a remarkable degree. Working also with Kolats- 
chev’s technique on the pancreatic and intestinal epithelial 
cells of Amphibia, he attempted to elucidate four main points 
which will be dealt with consecutively. They were firstly, 
the structure of the Golgi reticulum, and here he decided that 
nothing definite could be stated, the structure observed depend- 
ing very largely upon the intensity of the impregnation. 
S^ondly, he had in view the morphological changes occurring 
to the Golgi reticulum, which might be connected with the 
secretory activity of the cell. He found that the apparatus, 
from being a few irregular thin strands in the resting cell, 
increased greatly in size and became quite a large anastomosing 



5 io SCIENCE PRCXJRESS 

network, like a tubular sieve or basket, surrounding i^ast 
crowds of secretory droplets. As the goblet cell — ^for they 
were goblet cells on which he was working at the time — neared 
completion, the basket contracted, first at its basal end and then 
throughout its whole length, driving the droplets into the goblet 
portion of the cell and thence into the intestine. The basket 
was left behind in situ, -end there was no evidence that the 
process did not repeat itself. 

His third question for investigation was the relation of the 
secretory granules to the Golgi ai)paratus. He found that 
small vesicles which he could not identify categorically, but 
which were probably the smallest visible secretory droplets, 
were embedded on the strands of the reticulum, and that later 
they broke away. This original intimate connection between 
the two suggests that the secretory granules are a product of the 
network, and not bodies of foreign origin which have since come 
into relation with it. Hence he seems to favour Nassonov's 
first hypothesis of direct transformation of the Golgi-material. 

Finally, he investigated the nature of the osmiophil granules 
observed by Nassonov, accompanying the free secretcay 
granules, and, more particularly in pancreatic cells, he found 
each secretion droplet accompanied by a smaller osmiophil 

S anule. Noticeably in the smaller granules, but also in the 
rger ones, the osmiophil granule was separated from the 
secretion droplet by a clear space. In heavily imprecated 
preparations the granule appeared as a crescent or cap over 
one side of the droplet, and could even be seen adhering to 
droplets that had not yet separated from the Golgi reticulum. 

Here, before discussing Bowen’s interpretation of these 
results, it will be necessary to outline his work previous to this. 
During 1922 he published an excellent series of papers on the 
behaviour of the cytoplasmic inclusions in the spermatogenesis 
of insects. As a result of his investigations, which covered a 
wide range of insects, and also some Amphibia, he has drawn 
up a very complete history of the Golgi apparatus in this type 
of cell. The apparatus commences as the diffuse type, rodiets 
and vesicles scattered throughout the cytoplasm. In the 
spermatocyte these vesicles commence to fuse together into 
one large body. This occurs almost universally, but the 
^oup Lepidoptera may be mentioned as a notable exception 
in which the droplets remain separate. The body formed by this 
general process of fusion consists of an inner sphere of material 
which impregnates lightly with osmium, and an outer rim 
which impregnates very strongly and which may be a closed 
hollow sphere, or which may be open at one point. The whole 
structure comes to lie just behind the nucleus in the an^ 
betwe^ the latter and the " nebenkem,” a body formed by 
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the fusion of the mitochondria. Then a vesicle or granule 
appears on the side of the sphere nearest to the nucleus, often 
pressed against the nuclear membrane. It grows in size until 
It is quite large, and then one of two things happens — either 
the vesicle and sphere move together to the head of the cell, 
or else the vesicle moves thither by itself. In either case sooner 
or later the two bodies part company, and the Golgi remnant 
passes back into the cytoplasm of the cell, and is sloughed off 
at metamorphosis. The fate of the vesicle is interesting from 
more points than one, but only one of these bears on the 
question at issue. The vesicle forms the acrosome of the 
spermatozoon, which is a body of still doubtful function, 
but which undoubtedly plays an important role in the process 
of fertilisation. 

At first sight the function of the Golgi apparatus in the male 
germ cell seems to be specialised for a particular purpose, and to 
have no bearing upon the question of the relation of the reti- 
culum to secretion. But if one accepts Bowen's theory, the 
phenomena exhibited by the apparatus in this latter type of 
cell bring strong support to the idea of this relation. Bowen, in 
concluding his 1924 paper on secretion, points out that attempts 
to trace the origin of secretory products have been frustrated 
because of the large numbers of granules present in the secretion 
cells examined. If one could find a cell producing only one 
or two secretory droplets, matters would be comparatively 
easy. Such a cell, he suggests, is the spermatozoon, and the 
secretion droplet the acrosomal vesicle. 

Applying this to the gland cell, the secretory products 
arise on or within the Golgi apparatus ; their mode of origin 
is obscure, but probably resembles that of the acrosome. The 
granules become separated from the Golgi material and pass 
towards the secretory pole of the cell, their further growth being 
provided for by the contribution to each granule of a portion 
of the Ck>lgi apparatus. The clear zone observed between 
secretory and Grolgi granules may be interpreted as the light 
inner portion — or idiosome material — of the sperm Golgi 
apparatus, from which the acrosome develops. The casting off 
by the acrosome of the Golgi remnant may be paralleled in 
the gland cells by the phenomena observed by Heidenhain, 
who published a record of the throwing off by secretory granule 
of the “ kapuze ’’ or osmiophil granule. 

Hence an overwhelming amount of very varied evidence is 
brought to prove very conclusively a physiological and morpho- 
logi<^ relation between the Golgi apparatus and the process of 
secretion. On the origin and evolution of the apparatus very 
little work has been done, but a second recent paper by Nas- 
lonov deserves consideration at some length. Working with 
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various fresh-water Protozoa, and with the latest Golgi appani- 
tus techniques, principally that of Kolatschev, he found that the 
contractile vacuole of all the forms examined was picked out 
very clearly, its walls being impregnated very strongly with 
osmium, and so blackened. Other properties exhibited by the 
organ were : it is destroyed by the action of the so-called non- 
mitochondrial fixatives ; does not stain selectively after mito- 
chondrial fixatives ; and it is invisible in the living cell owing to 
the possession of a refractive index very cl(»e to that of proto- 
plasm. All these facts, he says, point to a lipoid constitution. 

Morphologically the contractile vacuole or excretory appara- 
tus varies considerably, from a simple, osmiophil-walled vesicle 
in lower forms, to a complicated system of vesicles and canals 
in the higher forms, such as Paramcecium. He proceeds to 
try and homologise the excretory apparatus of the Protozoa 
with the Golgi apparatus of the metazoan cell, pointing out 
their similar chemical compositions and emphasising their 
reaction to osmic acid. Morphologically he bases his argummt 
on the similarity in form between the simple contractile vacuole 
of the lower forms in the Protozoa and the Invertebrate Golgi 
body. An important stage connecting the two is found in the 
Choanoflagellata and the choanocytcs of Sponges. The Choano- 
flagellata possess a contractile vacuole, but the choanocytes 
do not, or at least one has only rarely been observed. On the 
other hand Hirschler (1914) has demonstrated a small Golgi 
vesicle towards the collar of the choanocyte in Spongilla, so 
that this may very conceivably be a bridge between the two 
structures. Functionally also there is a marked resemblance 
between these two organs in the Protozoa and Metazoa, for the 
secretory function of the Golgi apparatus is practically estab- 
lished, as is the excretory function of the contractile vacuole 
of the Protozoa. He postulates that the osmiophil wall of 
these bodies acts as a semipermeable membrane and also 
secretes inwards into the lumen. 

On these grounds he suggests a primitive, one-celled 
ancestor from which the present-day Protozoa and Metazoe 
have evolved ; and this ancestor possessed a lipoid-bearing 
excretory apparatus similar to that of the fresh-water Protozoa, 
and from which the excretory apparatus of Protozoa and the 
Golgi apparatus of Metozoa have been evolved. His work was 
concerned entirely with free-living, fresh-water Protozoa, and 
he suggests that the solution of the problem lies in the study 
of those forms where a contractile vacuole is not generally 
known to exist, and whose osmotic conditions of Ufe are v«iy 
similar, to wit, the salt-water and parasitic Protozoa. In 
view of thb suggestion, it is interesting to note that we now hava 
at least three reccwds of a perfectly normal Golgi apparatm 
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in some five or six parasitic Protozoa ; by Hirschler in 1914, 
by Gatenby and King in 1933, and by Joyet Lavergne in 1924, 
in each case the apparatus being of the disperse type. 

Gatenby and King have objected to Nassonov’s theory on 
the grounds that the similar chemical compositions of the organs 
in question is no criterion, and that the true Golgi apparatus 
of metazoan cells is usually associated with the centrosome 
and centrosphere, whereas no similar association has been 
observed in the Protozoa up to now. Also they point out that 
a normal Golgi apparatus has been found in several forms, as 
for instance, Adelea, Coccidium, Aggregata, Adelina, and 
Haplosporidium. However, since these are all parasitic forms 
and possess no contractile vacuole, this argument loses its force. 
If a Golgi apparatus and also a contractile vacuole had been 
demonstrated side by side in the same form, then this reasoning 
would have held, but as it stands it seems rather weak. 

Our knowledge as to the function of the Golgi apparatus has 
made enormous strides during even the last two or three years, 
and it can now be stated practically with certainty that the 
function of this cell organ is of a secretory nature. How this 
secretion is carried out depends to a very large extent upon the 
form of the apparatus, and here Nassonov’s recent work is useful 
in indicating a possible solution of the problem of its form. 
But considerable caution must be exercised in considering this 
theory, particularly because very little is known of the form of 
the apparatus in the living cell. It has been stated that the 
mitochondria have been observed moving freely through the 
region occupied by the Golgi network in the fixed cell, and that 
hence this network must be in a fluid condition. But a fluid 
network, if it could be conceived, could only be held in its 
|X}sition in a relatively mobile medium, such as the protoplasm 
18 known to be, by an enormously complicated system of forces. 
The theory which suggests itself is that, what we are really 
dealing with is a. system of vesicles each surrounded by a 
fluid membrane, which upon fixation breaks down and, l}ring 
dosdy apposed, as would necessarily be the case, to other 
simiiar membranes, it commences to run into them during the 
period of disturbance which must precede fixation. Particles 
of osmium or silver adsorbed on to the surfaces of these drops 
would naturally tend to collect in the angles between two 
adjacent droplets, and a very complicated network could quite 
easily be seen in the finished sections. Such a theory is sup- 
ports by the fact of the evolution of the network from the 
simple vesicles of the lower Invertebrata and the Protozoa, 
and would certainly render Nassonov’s suggestion as to the 
method of secretion into the lumen of the apparatus and thence 
into the cytoplasm more easy of acceptance. 
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{Paper read at the Annual Convention of the Incorporated National Association of 
British and Irish Millers, Folkestone, June, 19 1924) 

The field for research in the milling industry is astonishingly 
wide and is by no means a purely chemical field : for its adequate 
exploration will be required the united efforts of the chemist, 
physicist, biochemist, plant and animal physiologist and 
geneticist, mathematician, chemical engineer, and the practical 
miller and baker. These are not arranged in any “ order of 
merit,” for I am by no means convinced that the chemist 
is the most useful of the series, while I should be the last to 
suggest that the miller is the least important. All are essential 
to the work of exploration, and all should work in the closest 
possible collaboration. As Dr. A. £. Humphries has remarked : 
” Please do not think for one moment that research means a 
chemist and nothing but a chemist. It goes very much further 
and very much better than that. Certainly, chemistry is 
important, but the chief value of a chemist to a flour-miller is 
that he has a trained scientific mind and approaches problems 
not merely with chemicals, but with the whole range of the 
application of science to flour-milling.” ” The idea (of in- 
augurating a Research Association for the Flour-milling Industiy) 
has been that we should have a nucleus staff, properly trained. 
. . . But, in addition to that, we should have power to call in 
the aid of any person on any problem that may be presented 
to us, who may be the most suitable man for that particular 
job. We shall have the benefit of the best scientific men to 
apply their knowledge to any problem that may arise. This is 
the whole range of the application of science in the widest 
sense of the word.” 

All very true, and requiring neither comment nor further 
elaboration. And yet it may be asked : Why is it that the 
chemist plays such a predommant part in almost all scientific 
industrial research ? 

The answer is not simply that there is a mudi laiger supply 
of chemists than of other scientific workers to meet the demapd 
of industrial concerns for such workers. There is a large and 
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constantly increasing demand for chemists as such in industry 
—a demand out of all proportion to that for other scientific 
workers such as physicists, biologists, and mathematicians. 
Indeed the number of scientific workers, other than chemists, 
employed in the laboratories of private firms in this country 
is practically negligible. The reason is, I think, that chemistry 
is that branch of science that deals with the properties and 
characteristics of things, substances, bodies — call them what 
you will — and the main, almost the sole, concern of most 
industries is the manufacture and distribution on a large 
scale of these same things, substances, bodies. In many 
instances it was the chemist alone who first discovered in- 
dustrially useful things and worked out methods for their 
production and manufacture — first in the laboratory, later, 
on a larger scale, in the factory. Many of the more technical 
industries, such as the dye, chemical, incandescent lamp, and 
rare earth trades, owed their rapid development and even their 
localisation to the development of new processes and products 
and methods by individual chemists. 

The engineering industries, on the other hand, belong to 
a different category : a machine or a motor-car is not a merely 
passive production like a dye, a suit of clothes, or an incan- 
descent gas-mantle. The products of the engineering industries 
— d3mamos, motor-cars, railway engines, and so forth — are 
essentially instruments for transforming one kind of energy 
into another, and the study of energy transformations is 
essentially the proper field of work of the physicist. An 
engineer is a physicist, and an engineering laboratory is a 
laboratory of physicists whose investigations have a direct 
bearing on the development of industry — not only on the 
engineering industries, but on all other industries in which 
machinery is employed — that is to say, upon all industries. 
In engineering works, the chemist — the works chemist — although 
important and indispensable, is very far behind the physicist in 
importance : his function here, mainly, is to exercise analytical 
control over the raw materials, the metals, paints, lubricating 
oils, etc., upon which the engineer works. In most other 
industries the works chemist exercises analytical control not 
merely over the raw materials but also over the intermediate 
nnd the finished products and over the by-products, while 
the physicist plays but a secondary rdle in this branch of work. 

In im manufacturing concerns difficulties regarding materials, 
both raw materials and finished products, are constantly arising, 
— ^are in fact of almost hourly occurrence. Difficulties, too, 
in methods, and processes occur, taking an industry as a 
whole, in an unending stream, and such difficulties tend to 
hinder, if not actually to prevent, smooth working. 
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To overcome these difficulties some investigation is necessary. 
There are two ways of doing this : either empirically, by 
applying rule-of-thumb methods — a course that frequently leads 
to some temporary improvement, but that just as frequently 
allows of fresh outbreaks of similar trouble in the same or 
some other form. Or the investigation can be done scientifically, 
i.e. thoroughly, a method that involves an analysis of the 
causes of the trouble and hence leads, not to a merely temporary 
alleviation, but to an actual elimination of the trouble. The 
extent to which it is necessary, and even more the extent to 
which it is possible, to apply science to this end dejpends of 
course on the nature of the materials and the complexity of the 
manufacturing processes, but in all industries there is usually 
ample scope for a scientific staff and laboratory facilities to 
deal ivith such troubles. 

Closely connected with this type of research, and indeed 
an essential part of it, is investigation into analytical methods 
and processes, the checking and improvement of old ones 
and the introduction of new and accurate ones, more suitable 
for the particular industrial conditions under consideration. 
In this connection I need only point out the present primitive 
methods of estimating the gluten content of flour ; a reasonably 
accurate method of estimating starch in any kind of starchy 
product is still awaiting discovery, while even so apparently 
simple a matter as a moisture determination contains elements 
of uncertainty that call loudly for investigation. 

Provision is being made in the Research Association’s 
laboratories towards making a commencement in this type of 
research work. It is not intended that the Research Association 
should undertake ordinary routine analyses for its members : 
such work fails naturally within the sphere of activity of 
consulting and analytical chemists. But it is hoped that 
members will turn to the Research Association for help when 
they are up against difficulties or complaints respecting their 
processes or the quality of their raw materials or products. 
In such cases samples will be analysed and, when necessary, 
baking or other tests carried out and reports based upon su^ 
tests issued to members. In this way my colleagues and 1 hope 
not only to be helpful to you but at the same time to be helpful 
to ourselves. Because it is only by coping with the daily diffi- 
culties and ui^nt immediate needs of the practical man in the 
mill that we can get to grips, as it were, with your industryi and 
so find out for ourselves of what your problems really consist. 

Apart from the study of experimental anal 3 rtical methods, 
in the chemi^ sense, a good deal of investigation is requhred, 
and in some industries 1^ been carried out, with the object of 
{voducing standard specifications connected with the purdhme of 
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raw materials, as well as with the sale of finished products. 
In this kind of work America is well ahead of us : much work 
of this nature has been done there in other industries — little I 
believe has been done an3rwhere in the milling industry — and 
this work, mainly in the engineering trades, where a high degree 
of standardisation is possible and has indeed been achieved, has 
been made very largely of common value through the channels 
afforded by the American Society for Testing Materials. This 
society has had an enormous influence in American industry 
by determining the best methods of testing and the correct 
specifications to use for the purchase of materiab. The 
membership of the society comprises not only many of the most 
prominent engineers and chemists, but also the leading manu- 
facturing firms. It is, of course, sufficiently obvious that such 
work must be made of common value : secrecy in such a case 
would defeat the very object for which the work was undertaken. 

Very little work along these lines has been carried out in 
the milling industry in this country, although the grading and 
standardising of wheats and flour is of obvious importance. To 
quote Dr. Humphries again, this time from the Report on the 
Quality of Red Fife Wheat grown successively in England for 
twenty-one years : “ The appearance of a wheat is not a correct 
index of its quality as disclosed by baking tests, but it is the 
only test which can be applied readily by buyers in the stress of 
marketing.” An experienced buyer was asked to appraise the 
relative merits of the Red Fife Wheat, grown at eleven different 
centres in England in 1922, upon their appearance only. His 
reports, arranged on a numerical basis by Dr. Humphries, 
showed no relation to the gluten content, nor to the baking 
quality of the flour as measured by the size of the loaf produced. 

Here we have a whole field of research opened up, as it 
were, at a glance, and waiting only for the cultivator with 
sufficient ability, resourc^ patience, and perseverance to yield 
a considerable and a profitable harvest. But this problem is 
further complicated by the fact that it does not belong 
exclusively to the branch of work I am at present considering, 
vie. the wading, testing, and standardising of materiab : 
its real solution depends on the study of quality in wheat and 
flour. And quality belongs to another section of the field 
which will be dealt with later. 

Another illustration of this type of work may be of interest. 
Hard spring and winter wheats, t.«. those often called " flinty,” 
are generally considered to be higher in protein content than 
soft, t.e. starchy, wheats. There is considerable evidence 
of a somewhat general nature to support this contention, which 
is widely accepted and indeed has been made considerable 
use of in the commercial grading of wheat, as well as in the 
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improvement of wheat bjjr selection, because a high protmn 
content was generally desired and hardness was thought to be 
a good and quick means of discrimination. A closer examination 
of the facts, however, casts some doubt on this generalisation. 
If the two characters, of hardness and high protein content, ^c 
genetically connected, there must be what the statistician 
calls a high correlation coefficient between them : if one character 
is the cause of the other, or if both are effects of one and the 
same cause and there are no disturbing factors, the correlation 
co-efficient should be theoretically equal to unity ; if there is no 
connection between the two factors, then the coefficient should 
theoretically be zero. These two values are never reached in 
any correlation between natural factors, but very high and 
very low values for the coefficient are frequently obtained. 
In the case under consideration, Roberts in 1923, working with 
500 grains of each of 94 pure strains of wheat (each strain being 
the product of a single head), found the correlation between 
protein content and hardness (as measured by the weight 
required to crush the seed), to be for all practical purposes 
nil, viz. 0*02 ±0*003. This conclusion runs counter to the 
generally accepted opinion and requires further investigation. 
A number of questions spring to mind. Is “ crushability ” 
a real test of hardness ? Is it not really a test for brittleness ? 
If so, what, if any, is the relation between brittleness and 
hardness, between “ condition ” and hardness ? To say the 
least, there is ample scope for standardisation here. 

The part of the field so far outlined is pre-eminently a 
chemist’s field, although as already indicated he very frequently 
has to use methods that are not strictly chemical in character. 
The importance of this type of work — or at least of analytical 
control over materials and products— is widely admitted and 
most works of any magnitude are equipped with analytical 
laboratories, although all too frequently both staff and equip- 
ment are on too modest a scale to admit of any real research 
work being carried out : too often the work done is of a purely 
routine character. 

The type of work dealt with so far has been mainly in 
connection with the elimination of existing manufacturing 
troubles. During the course of such work many problems 
suggest themselves for investigation that do not fall precisely 
within the portion of the field so far described. This leads us to 
consider a second and larger part of the field of research : 
investigations connected with improvements both in products 
and processes — ^work that tends to lessen cost of production by 
effecting real improvements rather than by merefy eliminating 
manufacturing troubles — and the discovery and exploitation 
of new products, or lof new uses for old products and by** 
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{products ; for it is an old and true saying that the waste 
products of one industry are the raw materials of another. 

This kind of work involve an intelligent appreciation of 
the trend of development of manufacture, and of the possible 
application of a product, together with a close study of the 
scientific features underlying the industry itself. It is not 
the kind of work that can as a rule be undertaken by ordinary 
analytical or “ works ” laboratories ; it is altogether on a much 
broader basis, and involves fundamental development of the 
whole subject in which the industry is interested. A funda- 
mental theory has to be worked out ; the scientific principles 
underlying the processes of manufacture have to be sought for 
by means of slow and laborious investigations. The scope of 
this portion of the field is very wide : any single problem in it 
may require for its complete investigation the united efforts 
of the chemist, physicist, mathematician, biologist, and miller, 
and involve a great deal of work on pure theory and in the 
fundamental sciences associated with the industry. For the 
adequate direction of such work a man has to stand, as it were, 
with one foot in the factory and the other in the University, 
and it is difficult, as it is certainly undesirable, to draw a hard 
and fast line between such development work and so-called 
pure academic scientific research. Such work is necessarily 
slow and is full of disappointments and exasperations. Too 
often, perhaps, it has to be its own reward. Frequently the 
practical result is small or negligible. Just occasionally the 
result is so great as to more than pay for the ninety and nine 
investigations that came to nothing — in a practical sense. 
And one has to remember that if those ninety and nine had 
never been tried, the hundredth, and commercially successful 
one, would probably have shared the Same fate. 

The experience of the General Electric Company in America 
is interesting in this connection. They started a research 
department about r903 at a cost of £1,000 a year. They now 
spend 3^100,000 a year, and employ a staff of 1 50 workers, and 
as a result of twenty years’ experience of this laboratory they 
have come to the conclusion that “ investigations in pure science 
lead almost inevitably, in course of time, to some commercial 
application, and increasing attention is therefore being paid to 
tnis phase of research work. ” The ^^eneral policy of this company 
has heexi to employ highly trained investigators and particularly 
men of breadth of view, who are sufficiently visiona^ and, above 
all) appreciative of the enormous industrial possibilities latent in 
scientific discoveries. It is not without interest or significance 
that the results of much of the research work carried out in this 
company’s laboratories, particularly that bearing the character 
of pure science, are widely published in the scientific press. 
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It u impossible in a short review such as this to do more 
than merely indicate some of the more typical groups of problems 
that await investigation in this vast region of a vast field of 
research in an industry of world-wide extent. The difficulty of 
drawing a hard and fast line between the kind of developmental 
research I am now considering and analytical control work on 
the one hand, and purely academic scientific research on the 
other, has already been pointed out. It is even more difficult 
to discriminate between problems that belong exclusively to the 
milling industry and those that do not. The milling industry 
is a kind of buffer industry : it is, on the one hand, a natural 
sequel to agriculture, and on the other a kind of prologue to the 
baking industry ; many of the problems are of vital interest 
and importance to all three industries ; many others cannot be 
dealt with at all adequately by either industry separately. 
In this connection I need only remind you of the twenty years 
of invaluable work of the Home Grown Wheat Committee of 
this Association. In 1900 the National Association circularised 
the most prominent agricultural societies throughout the 
country, pointing out that since 1890 " the tendency in many 
parts of the countty has been towards a further deterioration 
in the milling quality of home-grown wheat, and we attribute 
this to the fact that mrmers and seed-raisers pay more attention 
to the large quantity of straw and wheat produced by some of 
the newer varieties, whilst overlooking the fact that many of 
these are singularly destitute of gluten, and of other charac- 
teristics which are of the utmost value for milling purposes. 

" Whilst advocating improvement in the quality of the grain, 
this Association does not lose sight of the fact that from the 
grower’s point of view the question of the quantities of wheat" 
and straw produced per acre is apparently more important than 
the quality of the grain, and that, therefore, if any attempt 
in the improvement in quality is to be made, it is essential 
that ever^hing which tends to make up the grower’s profits 
should receive full consideration.” 

The twenty years’ work that followed — carried out in 
collaboration with Cambridge University, the Rothamsted 
Experimental Station, and many other institutions, and in some 
wa3rs with such striking and unexpected success — is too familiar 
to all of you to require any further mention ; but I would point 
out that it was to a laree extent botanical and agricultural in 
character. Whilst of the greatest value to the millers — ^who 
indeed initiated and organised the work — the miller played a 
part not very dissimilar to that of the analytical control of 
products to which I have already referred. In this work the 
two industries were working together, each with a full con- 
sciousness of the needs and peculiar problems of the other. Work 
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sudi as this — ^wheat breeding for strength, 3 rield, and disease- 
resistance, the study of certain cereal diseases, the study of the 

g regressive development of the wheat-plant and the wheat- 
erry, should be the joint possession of the two industries, 
and success in this line of work the proud heritage of both. 

In the study of the strength of flour the baker has vital 
interests, while it is unlikely that he alone, even in collaboration 
with the chemist, will solve such problems as the staling of 
bread, or control " ropiness ” and other diseases without the 
help of the plant physiologist, the bacteriologist, the agriculturist, 
and the biochemist, working on the same or similar problems 
in the milling industry. Why the Research Association of 
British Flour-millers does not also include British Bakers is not 
easy to see ; that it should do so can admit of as little doubt as 
that it should at least include all millers. 

The staling of bread is an important technical and economic 
problem in the baking industry, but its solution lies in part 
at least with the miller. Jago maintains that “ the character 
rather than the quantity of the gluten content ” governs 
the quality of the bread, whilst Whymper quite reasonably 
insists that quality in bread should include keeping quality, 
and that undoubtedly the addition of extra gluten to flour- 
doughs results in bread of better keeping quality. 

Viewed from one angle only, flour, dough, and bread are 
extraordinarily complicated colloidal systems, and to unravel 
that tangle will always be among the most urgent and pressing 
of our problems. When we clearly understand the real nature 
of the physico-chemical-colloidal system present in a flour, in a 
dough, and in a loaf, respectively, we shall have gone a long 
way towards learning the nature of strength in flour and quality 
in wheat. That time is a long way off. Colloid chemistry is 
still in early infancy — ^in very early infancy — and much work 
remains to be done in developing the infant science itself before 
its principles can be applied to the study of such complex 
S 3 rstems as flours and doughs and breads. 

Most of the work done so far has been in connection with 
materials and products. A no less important part of the field 
of work concerns itself with the actual manufacturing processes. 
A wise forethought on the part of the millers interested has re- 
sulted in the Research Association being run in conjunction with 
a full-sized demonstration mill — an existing mill, run on ordi- 
nary commercial lines for profit, but which will always be avail- 
able for study and for large-scale experiments by the Research 
Association Staff. The mill is the real integrating factor in 
our work. It is there for our use and, even more important, for 
our inspiration ; it will serve as a reminder of our common aims 
and objects, of our unity of outlook and of effort. But, above 
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all, it is there to be used, to afford us facilities for studjring 
the technical processes for converting wheat into flour. Broadly 
speaking, these processes are app^ently simple : storing, 
separating, washing, and conditioning the grain, crushing 
and grinding, and separating the various grades of products 
by means of sieves and air-currents. But are these processes 
really as simple as they appear ? Do we really understand 
them ? Do you millers understand them ? Do the milling 
engineers understand them ? Certainly there is much about 
them that the scientific worker, the chemical engineer, would 
like to know. There is much that he can learn from their 
study, and perhaps at least something he may be able to 
tell you — later on. That he has not been able to help you before 
has been due to lack of opportunity rather than unwillingness : 
you cannot study milling processes in technical colleges or 
university departments, while the practical miller has to run 
his mill as a means of livelihood rather than as a scientific 
study. If he wants to study at all, the market is probably of 
greater urgency to him than the plant. 

I am loth to deal other than tentatively with this branch 
of the subject in the presence of practically all the millers in 
the country, and of some eminent milling engineers, particularly 
in view of my own slender connection with the industry. But 
on the scientific side I have been interested in other industries 
for over twelve years, and it frequently happens that experience 
gained in one industry is found to be directly applicable to 
another. Certainly in agriculture and the textile trades, the 
scientific study of processes, as distinct from products, hM 
hardly begun. After more than a century of research in 
agriculture — and at the present day in no other industry is 
research carried out on so extensive, and so intensive, a scale — 
the scientific study of the art of cultivation has not really com- 
menced. Not even a theory of the plough has been worked 
out : different types of ploughs have been, shall I say, evolved 
to suit different soils and farming conditions. Milling 
machinery, wonderfully efficient as much of it is, has been 
evolved in a similar manner since the inception of roller plant 
in the 'sixties and 'seventies. I do not think I am going too 
far in suggesting that milling machinery has not been designed 
on the basis of any real, intimate, and fundamental knowledge 
of the work it is called^ upon to perform, but rather just buiu. 
Improvements have invariably arisen through large-scale 
experimentation involving expensive changes in construction : 
rolls were first introduced— of different sizes and speeds, then 
differential speeds were tried : then again flutings of various 
shapes and sues, at first parallel to, and then at various angles 
to, the axis of revolution — and so on, and so on. 
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All these were tried and those that " worked ” most satis- 
factorily were retained. This of course is a crude and in many 
ways inaccurate, even unfair, account of the real state of affairs : 
in so far as well-known engineering principles are concerned, 
milling machinery may be highly efficient. I, at any rate, 
am not competent to criticise machinery as such. But I am 
trying to paint a picture in rough outline only, to emphasise a 
point of view, leaving it to the discussion that follows to fill 
m the finer details and to make the readjustments necessary 
for a correct perspective. 

Consider, as a first illustration of what I mean, the simple 
storing of wheat, in large quantities, in bins and elevators. 
It is well known that such storage involves certain difficulties, 
particularly as regards the regulation of the moisture content 
and temperature of the wheat and the admission of moisture 
to the bins. If the wheat is damp, or moisture is not excluded, 
“ heating ” occurs in the bins and serious damage to the grain 
may result. How many millers and milling engineers know 
the cause of this heating, and, more pertinent still, how would, 
or how could, milling practice in this connection be altered if 
they did know ? Here is a large group of problems that may 
bear directly on milling practice, and it is interesting that the 
cause of heating in damp vegetable matter (for the same 
problems occur in the storing of damp hay, and to some extent 
in the making of ensilage) is essentially a problem for the plant 
phvsiologist and the biochemist. Originally it was thought 
to be due to fermentation caused by bacteria. It has now been 
found to be due to the normal respiration of the grain. Oxygen 
is used up in the combustion of some of the ingredients of the 
g^ain, carbon dioxide is produced, and heat is given out in 
the process. Grain itself is a poor conductor of heat, a mass of 
loose grain a worse one, and the heat generated cannot get away 
— whence the practical problem of the marked increase in 
temperature when the grain is moist. Similar changes take 
place during the curing of tobacco and the ripening of fruits, 
and much of the work done on these problems is directly 
applicable to wheat. It is probable that the heating effect is 
due to the action of oxidising enzymes on carbohydrates 
(probably reducing sugars such as dextrose) in the presence 
of air and moisture at a suitable temperature, and it is considered 
that the main centre of the action is in the germ or embryo. 
Moisture above about 14 per cent greatly accelerates the change : 
thus an alteration in moisture content from 14 per cent to 
17 per cent multiplies the effect 25 times, and it is interesting 
t^t soft white winter wheat appears to be affected very much 
more than hard spring wheat. The heat produced accelerates 
the evil: raising the temperature from 75° F. to 130" F. 
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hastens the process more than sixty times. The rate falls 
again, almost as rapidly, above this temperature; but it is 
when these higher temperatures are attained that the mischief 
is done. Many practical points may be cleared up, and difficul- 
ties avoided, when more is known about this process. The 
shrinkage of grain when in transit by railway or by sea is due 
to the same cause and not, as with wool and cotton, merely 
to changes of “ condition.” 

Consider another example from this field : the crushing of 
the wheat in the breaks.* Instead of experimenting with the 
plant to find out which type, or the conditions under which 
any given type, gives the best results, something may be 
learned by stud5ring the process involved, analysing it scientifi- 
cally into its underlying factors, finding out the conditions that 
must be fulfilled for the efficient carrying out of this process, 
and then seeing whether the plant fulfils those conditions. 
If it does not, there is room for improvement since the plant 
cannot be working at maximum efficiency. 

There are two ways of dividing a mass up into smaller 
particles : 

1. A force may be applied to it greater than its breaking 
strength, so that it is crushed or split ; or, 

2. The mass may be cut or torn apart. 

The former is the method used in the smooth reduction 
rollers, the latter is the main operation performed by the breaks. 
An important practical point is the energy used in the operation 
of crushing, as this is causally connected with the magnitude 
of the fuel bill. Now Rittinger maintains that the work done 
in crushing a given weight of material, e.g, coal, from pieces 
two inches to pieces one inch in diameter, is half that re- 
quired for converting the same weight- of one-inch pieces into 
half-inch pieces, or, in general terms, the work done is pro- 
portional to the amount of fresh surface produced. Kick, 
on the other hand, insists that there is a logarithmic relation 
between the two factors — ^work done, and surface produced — 
in which case the same amount of work would be done in 
breaking up from two-inch to one-inch pieces as from one-inch 
to haM-mch pieces. Neither of these relationships is correct, 
even for coal, and they ^e even more incorrect when applied 
to wheat. Ih-obably Kick's law is less incorrect than Rit- 
tinger’s when applied to the reductions, while in the breaks 
the reverse may be the case. Both laws are more incorrect for 

^ The breaks are the fluted rollers used in the preliminary crushing ol the 
wheat whereby the endosperm is separated £rom the bmnny part ol the wheat- 
berry. Further separation is effected by sieves and air-currents. The 
separated endosperm, known technically as semolina and middlings, is finally 
ground into flour by smooth reductum folk. 
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cpane grinding than for fine, but this may possibly be due to 
the presence of incipient cracks in the fine pieces, caused by 
earlier grindings. Then again, different wheats will show 
strikingly different variations from these laws, the more so in 
the breaks than in the reductions. For the break system is not 
a mere crushing or grinding of a material homogeneous through- 
out ; the result to be attained is a separation of endosperm from 
bran, and it has been aptly said (I believe the simile is due to 
Dr. Humphries) that whereas the endosperm of some wheats 
will separate like nuts from their shells, in other cases it is more 
like separating an orange from its skin. The relation between 
work done and the result obtained will not be the same in the 
two cases. It is a difficult matter to analyse such complicated 
cases, but the attempt should be made. Much fundamental 
work will have to be done in explaining modern practice in 
such ways, for modern practice is so very complicated, and 
one has always to remember that until we fully understand 
what we are doing and why, we cannot satisfactorily effect real 
improvements. 

One other example of this kind of analytical work I should 
like to mention. After going through the breaks, a partial 
separation of bran from endosperm is effected by sieves and/or 
air-currents, and there seems to be a general impression among 
millers that separation by air-currents is due to a difference in 
specific gravity between the various particles. Kozmin, in his 
book on Flour Milling, adopts the same explanation, but 1 am 
convinced that it is incorrect. The difference in specific 
gravity between endosperm and bran is not great, and its effect 
on the separation must be negligible in comparison with that due 
to the difference in surface area between the particles. It is the 
latter that is the determining factor in this type of separation : 
the velocity of a particle falling through the air is given by the 
expression 

v-Kv'!^ 

/ 

where D is the diameter of the particle, and S and s are the 
specific gravities of the particle and of the air, respectively. 
From this it is obvious that size rather than specific gravity 
must be the determining factor. Separation by specific 
gravity is used on a large scale in some industries, e.g. in 
separating powdered min^als from one another by sedimenta- 
tion through water; but it is not a good method and only 
works at all when the particles are of nearly the same size. 

The types of problem to be attacked in this section of the 
fidd are of almost infinite variety. I have cited only a few, 
purely as illustrative examples, and have deliberately ch<»en 
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some of the less prominent ones. Many more a>uld be discussed 
if time allowed, and no doubt many more will be brought 
forward in the discussion that is to follow. Maiw in connection 
with conditioning were discussed at last year’s invention and 
are doubtless too fresh in your minds to require more than this 
passing reference. The theory of sifting, the reduction of 
middlings, over-milling — all supply their problems and difficul- 
ties. The bleaching of flour and the use of improvers belong 
both to this section of the field and to the more academic one I 
have already discussed. 

One more branch of the field of research remains to be 
discussed — a branch the importance of which can hardly be 
over-estimated, although, in point of fact, it is very rarely 
appreciated at its true value. When a scientific worker takes 
up the investigation of any particular problem, he must read 
all that has been written in the scientific and technical press 
that bears on the problem. This involves a systematic search 
of an immense literature — a piece of research in itself, that 
takes much time and labour — unless, which is very rarely the 
case, a highly organised information service is at his disposal. 

Such an information service is an indispensable requirement 
of modem industrial research, especially in a field such as ours, 
which embraces so many branches of scientific and technical 
knowledge. 

As time goes on, the quantity of scientific matter published 
becomes greater and greater. Information bearing upon our 
work may appear at any time in one or more of a large number 
of periodicals and journals (both technical and purely scientific), 
in the extensive field of Patent Literature, in Reports and 
Pai^hlets, and in other ways. 

Tne fact that a discovery, or piece of information, has 
appeared in the literature is of no value in itself. It has 
happened more than once in the past that matter of great 
importance to scientific progress has been overlooked — 
buried, as it were, in more or less obscure periodicals. Since 
this has occurred with quite important matters, it may very 
easily happen in the case of minor facts and out-of-the-way 
statements, which, though apparently unimportant, may at any 
time have a vital bearing on subsequent work. 

There is only one way of overcoming this difficulty, and 
that is, thorough and systematic abstractmg and indexing. 

The subject of the indexii^ of techmcal information is 
one of some complexity. The aim is to make every point 
which has afipeared in the literature, or is otherwise known, 
instantly available in any connection in which it may be of use. 
Such a scheme must depend for success on methods whidh 
have been carefully planned and carried out, and a scheme of 
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this nature is being developed in the Research Association’s 
library. 

A mere enumeration of the more obvious groups of problems 
is almost bewildering : we have the origin and classification 
of wheat ; wheat-breeding for strength, crop-yield, and disease 
resistance ; the progressive development of the plant and of the 
grain ; the study of certain cereal diseases ; the effect of 
premature freezing and of sprouting on the milling and baking 
qualities of the resulting grain ; grain storage, especially with 
regard to respiration ; the grading and standardising of ^ain 
and cereal products ; the conditioning of wheat ; the chemistry 
and jphysics of the actual processes of flour-milling ; the 
bleaching of flour ; the use of improvers ; the study of enzyme 
phenomena, especially those occasioned by zymase, diastase, 
phytase, and the proteases ; the biological and biochemical 
study of the yeasts ; the chemical, physical, and biological 
changes involved in the various processes of doughing and 
baking ; the diseases and the staling of bread ; the considera- 
tion of cereals and cereal products in human and animal nutri- 
tion, including the study of vitamines. 

Truly a bewildering array, and sufficient in itself to 
disabuse the lay mind of the idea that milling is a simple process 
of extracting flour from wheat. Things have changed since the 
historic miller, who lived beside the Dee, spent his days in song, 
whilst the mill-stone helped by the river did his work for him. 
The modern up-to-date miller no longer stands, as one writer 

g uts it, “ with one hand in the hopper, and the other in the 
ag.” He really is a manufacturer. Flour is essentially a 
manufactured article, and its production involves problems and 
difficulties that must be dealt with and overcome. In the time 
at my disposal, I have been able to give only a very slender 
sketch of the field for research in your industry. 

The preparation of this paper has left me with one dominant 
impression — an impression that is outstanding above all others, 
and one that must, I think, occur to anyone taking even a 
casual glance at the field for research in your industry. It is an 
impression, moreover, that is bound to colour and to dominate 
r-or at any rate, should dominate — ^all our research. 

It is this : 1 have been neatly struck by the smallness of the 
field for research that belongs exclusively to the millers, in 
comparison with the huge extent of the field that the milling 
industry shares with agriculture, with baking, and with the 
ph 3 rslcal and biological sciences. 

You millers know better than I do the problems you are up 
as|ainst in your mills. I leave it to your imagination, aided a 
t^e perhaps by this slight sketch, to give you an idea of the 
magnitude of the whole estate. 



THOMAS BEDDOES, M.D. : A NEGLECTED 

CHEMIST 

By T. W. JONES. B.Sc. , 

In John Davy’s Life of his brother there is a description of 
a Doctor Thomas Beddoes, By profession a doctor, and a 
chemist and scholar by inclination, Beddoes had founded 
at Clifton a " Medical Pneumatic Institution,” where he 
investigated the medicinal value of the newly discovered 
” pneumatic fluids.” Humphry Davy was the first medical 
superintendent of this Institution, and it is from his first letter 
home that we take our description of the doctor. “ Dr. 
Beddoes is . . . uncommonly short and fat, with little elegance 
of manner and nothing characteristic extemaUy of genius or 
science.” The lack of flattery was probably occasioned by 
Beddoes’ manner. This was notoriously abrupt upon first 
acquaintance, but could be very charming to those ne really 
liked, and that he speedily showed this side to Davy is evident 
from a later letter. " 1 am quite naturalised into the family, 
and I love them the more I know them,” he writes to his mother 
after a few weeks. 

In the main, Davy’s first impression was true. Beddoes, 
though possessed of a considerable originality, an originality 
that often bordered on the eccentric, was not a genius. He 
belonged, rather, to that order of men, that is to be found in 
every age, who hover somewhere between the great and the 
average. Acquiring in their own times if not fame, at least 
something akin — a sort of general recognition by their con- 
temporaries as possessing unusual talents and ideas in advance 
of accepted thought — their names are gradually lost to common 
knowledge, posterity usually faik to ratify the contemporary 
verdict, and their reputation seldom survives them by many 
years. In the first decade of the last century Beddoes had a 
fame as a chemist and physician that extended beyond his 
own profession and neighbourhood. He was acquainted with 
a lai^e and comprehensive amount of the knowledge of his 
day, and himself accomplished a prodigious amount of work, 
introduced Mayow, Scheele, Bergman, and Davy to the Eiwliah 
scientific public, and yet failed to produce any work of nrst- 
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rate importance to familiarise his name to the modem student. 
The only facts generally remembered of him to-day are his 
connection with Davy, and that his son, Thomas Lovell Beddoes, 
left behind some fragmentary verse of unusual merit. 

Born of middle-class parents, at Shifnal in Shropshire, in 
1760, he was educated at Bridgnorth Grammar School, and 
entered Pembroke College, Oxford, in 1776. Here, in addition 
to his classical studies for the B.A., which he took after his first 
three years’ residence, he taught himself French, Italian, and 
German : modern languages that formed no part of the classic 
curriculum. Attracted to chemistry, botany, and mineralogy 
by their connection with the practice of medicine, the profession 
he had already decided to enter, he soon gained more than a 
smattering of each. By the time he took his B.A. he had 
acquired considerable manipulative skill in pneumatic chemistry 
and was perfectly conversant with the work of Priestley, 
Cavendish, Lavoisier, and Schcele. An amount of study surely 
prodigious for a graduate of 19 to have accomplished in three 
years. In 1779 he took up the study of medicine proper, and 
went in 1781 to study anatomy in London under John Sheldon, 
the illustrious pupil of William Hunter, and at that time 
lecturing and carrying on research in a private theatre in Great 
Queen Street. About this time Beddoes commenced his 
first literary work, the translation of the “ Dissertations ” 
of Spallanzani, whose advances in surgical method were at that 
time unknown in England. In 1783 he took his M.A., Oxford, 
and then studied at the Medical School in Edinburgh until the 
summer of 1 787, visiting Oxford in December 1 786 to take his 
M.D. 

In the autumn of 1 787 he made a short tour of the Continent 
and formed a friendship with Guyton de Morveau and visited, 
among other chemists of note, Lavoisier, with whom it is said 
he corresponded on his return. The writer, however, has been 
unable to trace these letters. In January 1788 he was offered 
and accepted the post of Reader in Chemistry at Oxford (Oxford 
had no Chair of Chemistry until some years later), a post that 
at that time carried with it no salary other than was obtainable 
from the fees of students who voluntarily attended the lectures. 
That this state of affairs was finally altered was largely the 
work of Beddoes, whose representations to the authorities 
resulted in a change for the better, although not until some time 
after he ha 4 left the University. He himself can, however, 
have had no cause to complain, for it is reported that his 
lectures were crowded, and such was the enthusiasm with which 
he infected his students that philosophical research was under- 
taken on a scale hitherto unprecedented at Oxford. Science 
as a whole was unusually popular during hb term of office as 
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Reader ; in addition to Thomson's lectures on anatomy and 
mineralogy, John Sibthorp, Sherardian professor of Botany 
and a founder of the Linnsean Society, was lecturing during the 
interval between his Greek expeditions, and writing his Flora 
Oxoniensis. 

Well liked by his colleagues, his natixral cheerfulness and 
good humour found him many friends among his students, 
among whom was his liJe-long friend Davies Giddy, afterwards 
Sir Davies Gilbert, who succeeded Davy in the Presidential 
Chair of the Royal Society, and in whose guardianship he left 
his son Thomas Lovell Beddoes. His friendships outside the 
University increased during these few years and included 
men of considerable scientific achievement, such as James 
Keir, with whom he regularly stayed during the vacations, 
James Watt, Boulton, the Wedgewoods and Erasmus Darwin. 
They all found a common ground in their interest in chemistry 
and mineralogy ; and with these friends and those at Oxford 
Beddoes passed the happiest years of his life. The tranquillity 
of a University suited his habits and temperament better than 
the hurly-burly of medical practice. In choosing the medical 
profession he had mistaken his vocation ; his true bent was 
rather to pure science than medicine, for it is significant that 
his natural skill in manipulative experiment ^should have taken 
the chemical rather than the anatomical turn, seeing that in 
Sheldon he had a master second to none of his contemporaries, 
save perhaps the Hunters, in anatomical preparations. It 
would therefore have been more than easy for him to have 
taken up anatomy rather than chemistry, had he wished. He 
was the bom savant and scholar rather than the doctor. He 
might, and in all probability would, have found his true 
vocation at Oxford, and possibly have contributed something 
of lasting importance to chemistry, had he not dabbled in 
politics. 

Political events in France at this period had repercussions 
in England, the violence of which it is difficult to realise at this 
distance. In the early months of the Revolution, whilst theory 
still largely outweighed practice, English converts to the magic 
of the slogan " Libert^, Egalit^, Fraternity," were not few, 
and Beddoes, though able to weigh dispassionately the claims 
of a chemical theory, could not so examine one having a senti- 
mental appeal. Always impetuous, he rushed into a course 
that he afterwards repented, and during the Long Vacation of 
1 792 circulated in his home neighbourhood a leaflet in which he 
expressed his opinions with more force than discretion. Its 
circulation though small was effective, and on his return for the 
Michaelmas Term he found himself decidedly cold-shouldered 
by his colleagues. This, coupled with a touch of that " wander- 
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lust ” that afterwards cursed his son, decided him to put in his 
resignation, and he made plans to revisit the Continent. 

By the time he left the University at Christmas 1792 
he had published several chemical and medical works. In 
addition to the translation of Spallanzani’s “ Dissertations ” 
already mentioned, he translated Bergman’s Elective Attrac- 
tions and Scheele’s Chemical Essays, besides editing and 
annotating Cullen’s Translation of Bergman’s Physical and 
Chemical Essays. (His translation of Scheele was republished 
complete in 1901 by a well-known publishing house, with an 
additional biographical appreciation of Scheele, a matter 
already covered by Bcddoes’ preface, which with his notes 
was left intact. No notice of any kind was made of Beddoes.) 
In 1790 he published a digest of Mayow’s chemical work and 
opinions under the title of Chemical Experiments and Opinions 
extracted from a Work published in the Last Century. These 
had been entirely forgotten until Beddoes published this work, 
and it created no little surprise in the chemical world that the 
new theories of Lavoisier had been stated so long previously. 
Black, it is said, " lifted up his hands in complete astonish- 
ment ” ; Fourcroy set about belittling Beddoes’ work, and there 
are several papers on the subject in Nicholson's Journal, both 
from Beddoes’ pen and those of others. This year marks 
Beddoes’ conversion from an ardent phlogistonist to the school 
of Lavoisier. In his translations of Scheele and Bergman 
it is obvious from his notes that he then accepted the doctrine 
preached by Stahl ; in the preface to Scheele’s Essays (1786) 
he says : “I know not whether it can now be necessary to put 
any reader on his guard against the notions concerning the 
composition of heat which run through these essays. . . . Yet 
erroneous as the theory certainly is, it required for its formation 
not common talents.” In the preface to Mayow ( 1 790) he says, 
" He (Mayow) has cle’arly presented the notion of phlogiston, 
which rendered the name of Stahl so celebrated.” This was in 
February 1790, and by November 1791 he alludes in a letter 
to Keir to his phlogistic faith as a thing already forgotten. 
His later chemical writings, which we shall notice in their 
order, though more valuable than these, are very small and 
have, possibly on that account, been given much less notice by 
writers. 

Of his other chemical activities at Oxford we have only the 
barest allusions in later writings ; no notes of lectures or experi- 
ments have been preserved. It is, however, certain that during 
1 792 he had conceived the scheme of investigating the medicinm 
values of the several newly discovered gases. There was 
considerable speculation about at the time concerning their 
possible value m such diseases as phthisis, and to determine the 
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fdcts seemed to Beddoes a valuable work for humanity. That 
others were of his opinion ^ shown by the fact that« before 
setting up in practice at Clifton, he and three friends had 
subscribed two hundred pounds each to the purchase of 
apparatus. The opposition aroused in Clifton when it was 
learnt that noxious gases would be let loose by the new doctor 
was considerable, and only quietened by the influential in- 
tervention of R. L. Edgeworth, the father of the Irish novelist, 
Maria Edgeworth, who had met Beddoes previously and was 
spending one of nis numerous visits to England at Gifton in 
the summer of 1793. 

With this backing, for Ed^worth possessed considerable 
influence although generally disliked for hb self-conceit, matters 
became much easer, and Beddoes built up a lai^e and fashionable 
practice in a very short time. We find him writing to Darwin 
as soon as 1795 that his literary pursuits for that morning 
" were interrupted by a concourse of patients,” for Beddoes 
could no more keep from writing than a duck from swimming. 
His first medical work attracted medical attentimi, and as it 
was published in January 1793 his fame was known at Gifton 
before he arrived, and probably aided his rapid climb. This 
work, Observations on the Nature and Cure of CiUculus, Sea- 
Scurvy, Catarrh and Fever, though to-day of little value, 
deserves notice for the soundness of some of his views on 
scurvy. Among other courses he recommends the eating of 
fresh raw meat. Those who have read Stefannson's Friendly 
Arctic will recollect that during his exploration work upon 
the ice he and hb companions kept perfectly free from scurvy 
upon a diet of fresh seal meat alone, and on one occasion lie 
cured his two companions of the disease (brought on by foolishly 
eating biscuits and tinned foods), by feeding them on fresh 
animal meat. Beddoes’ observations on catarrh and fever 
were novel and in some places far-fetched ; his advocacy of the 
use of ice in fever b to-day a matter of common prescription, 
though at that time it was considered a dangerous innovation. 

Besides the work of his growing practice, the doctor con- 
tinued hb pneumatic experiments and literary activities. 
The generating apparatus used proved unsatbfactory, and James 
Watt designed and built one of better design and capacity. 
The mults of thb work appeared in 1794 under the title of, 
Consideratiorts on the MedidheU Use of Factitious Ain and t^ 
Manner of Obtaining them in large Quantities ; thb was in 
two parts, the first by Beddoes and the second by James 
Watt. In the preface Beddoes developed hb idea of a small 
trial 6f the gases into a more amldtious scheme for the estabfish- 
mcnt of a Medical Pneumatic Institution. In thb the '* airs ” 
wcmld be administered by a sdaried medical superintendmt 
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under the supervision of a physician. Subscriptions were in* 
vit^ for asum of jiSSiOoo — ]C4>ooo, " a small sum compared with 
the possible bendit to humanity at large.” On the other hand, 
if the results proved negative, the public would have the satis- 
faction that a possible weapon against disease had not been 
neglected. Part I contained details of experiments already 
made by Beddoes upon animals and patients, and a few carried 
out by others ; for he was not the only practitioner who had 
formed great hopes of the medical value of Priestley’s and 
Lavoisier’s gases. Part II contained experimental directions 
and drawings of the apparatus “ for the benefit of others who 
might wish to make a trial of the airs.” The apparatus was 
well designed, and, except for the coal-fire furnace for heating 
the solids, compares favourably with modern workmanship : 
it consists of retorts of various shapes (for the different methods 
of preparing the gases) resting upon the bars of the furnaces, 
and connecting to a cold water cooling device, through which the 
evolved gases passed, on their way to the gas holder. This 
gas-holder was designed on the same principle as the modern 
gasometer, namely, an iron cylinder closed at one end and 
counter-poised by weight and pulley ; the open end of the 
cylinder was sealed with a water or mercury seal. The gases 
were usually allowed to stand in the holder for some 
time before use to allow any acid or other particles to settle. 
Their use may well be given in Watt’s own words. ” In regard 
to the manner of breathing these medicinal airs, I think it will 
be done best from bags of some flexible and light substance, 
such as very thin leather waxed, or oiled silk (the identical 
bags mentioned by Davy in his Researches upon Nitrous Oxide). 
If a small tube be inserted into the mouth of the bag, the air may 
be pressed out opposite the patient’s mouth, in cases where 
they are too weak to make extraordinary exertions of the 
lux^, or rooms may bfe filled with the proper mixture of airs.” 
Hiat some invalids might be nauseated by the smell of the oiled 
silk he recognised, and advised that before the bags were made 
up the cut silk should be laid in alternate layers with finely 
powdered charcoal, which would be found effectively to absorb 
the smell. 

The gases used were, oxygen, prepared by heating powdered 
pyrolusite or p3rrolusite and concentrated vitriol, hydrogen from 
water dropped on red-hot iron, carbon dioxide, or “ fixed air ” 
from chalk, ” hydrocarbonate ” or water gas made by dropping 
water upon red-hot charcoal. TThe experiments upon animau 
were made in the usual manner adopted by Priestley and others. 
Priestley's contention that hydrogen was as lethal as carbon 
dioxide Beddoes early disproved, and he quotes that ” Scheele 
could make twenty inspirations of it without inconvenience.” 
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Many cases are cited in which ia percentage of l^drogen in the 
atmosphere to " modify ” it gave great relief in breathing to 
phthisical patients. The value of carbon dioxide as a 
modifier of the atmosphere is stressed, and instances of its 
beneficial use cited. Watt’s speculations on its effects are 
curious. “ As fixed air is a saturated solution of charcoal in 
oxygen, it is not possible that the lungs can decompose it ; we 
should therefore only look to its effects as an antiseptic : 
it may have some effect by merely excluding the oxygen of the 
atmosphere. ... I think it will have most beneficial effects 
in cases of putrescent tendency.” The effects of these gases 
upon animal organs were fully examined after asphyxiation by 
Beddoes and others, and the results compared with the appear- 
ances of the same organs in controls of the same litter. Diluted 
hydrogen was found useful in relieving asthma, and ” hydro- 
carbonate ” in phthisis 1 Numerous cases are given with the 
fullest detail. 

During the visit of Edgeworth and his family, already 
mentioned, Beddoes became strongly attached to Maria’s 
sister Anna, who from all accounts was a very charming and 
witty woman, vrith an optimistic cheerfulness that matched his 
own. When the end came to their holiday in England, Maria 
writes that their preparations for departure “ seemed to parti- 
cularly grieve and distress Dr. Beddoes.” The parting was 
accordingly delayed that the two might know eacl^ other 
better, and in April 1794 they were married at Edgeworths- 
town, Ireland. From what letters there are, it is evident that 
they were very happy together ; Mrs. Beddoes charmed all 
she met, and it was largely due to her that the house at Qifton 
became the meeting-place of such men as Southey, Coleridge, 
the ^rbaulds and others of literaiy note, besides Beddoes’ 
scientific friends. It was in fact a spot where the sciences 
and literature met without the discordance that too often 
mars their meeting. Among scholars Beddoes could easily 
hold his own, and among poets had no need to take a back 
seat. While at Oxford he had produced a long narrative 
poem (of doubtful merit) upon Alexander’s Expedition to the 
Indian Ocean, and although this were best forgotten, some of his 
later work contains ” purple patches ” that pleasantly anticipate 
the delip'htful fragments left by his son. 

During the next few years Beddoes* scientific writinip 
continued in a rapid stream ; collections of opinions and e 3 q>en- 
mental details of the use of gases in medicine were also made 
and, published under his editorship, the most important beii% 
the third, fourth, and fifth parts of the Considerations . . 
of which several editions were called fw. In 1 798 the Medicdl 
Pneumatic Institute was opened through the generosify of 
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Thomas Wedgewood, and Davy, introduced to Beddoes by 
Davies Giddy, was appointed Medical Superintendent. Almost 
immediately after the opening appeared a collection of scientific 
papers by various hands under the title Contributions to Medical 
and Physical Knowledge from the West of England, and edited 
by Beddoes. This deserves some notice, for not only does it 
contain Davy’s first published work, some immature speculations 
upon heat and light (which, by the way, Davy afterward 
confessed he could never see, but he blushed for his early ignor- 
ance), but also a classification of chemical substances according 
to their principles, by Beddoes. 

This scheme of classification was first printed in the spring 
of 1798 to illustrate a course of popular chemical lectures 
riven by the doctor in Qifton. In it, bodies are divided into 
four classes according to their “ principles ” or rather their 
reactions towards oxygen. Beddoes, always impetuous, had 
been badly bitten by Davy’s “ phosoxygen ” theory without 
stopping to inquire too closely into it, and he accordingly 
devoted the first two classes of the four to light and oxygen 
respectively. All other bodies then fall into the other two 
classes. In the first are “ Philoxygena,” those able to combine 
with oxygen. In this are placed such elements as hydrogen, 
nitrogen, carbon, sulphur, phosphorus, and the metab. 
Class IV, the " Misoxygena " contain those that cannot be 
made to combine with oi^gen ; the alkalies and alkaline earths 
together with silex or silica. He appears to have been the first 
to recognise the similarity between the alkalies and alkaline 
earths, for he classifies them together under a general heading 
of alkalies, an advance upon Black’s theory. Another theory 
that he puts clearly, although only as a speculation, is that the 
alkalies may be unable to combine with oxygen because of 
“ some peculiarity of the union of their elements or because 
they a/re edrmdy combined with oxygen.’* This was certainly 
a speculation in advance of contemporary thought and one 
that foreshadowed his pupil’s (Davy) future decomposition 
of the alkalies. Another theory yet more advanced is (p. 223), 
“ The existence of iron in such variety of plants and animals ; 
and of mai^anese in some plants, suggests an opinion that these 
metals are compounded by the organic powers.” 

It is hiri* time we returned to the fortunes of the ” Pneumatic 
Institution.” It was no part of Beddoes’ policy that the 
pneumatic remedies should be applied indiscriminately, their 
use was to be strictly limited to the few cases that obviously 
could not be alleviated or cured bv ordinary medicines, whidti 
wore to ^ Implied wherever possible. Accordingly Davy had 
plenty of time in which to mcperiment with gasra as yet untried, 
mud w rieseaxt^ at the Institute fill more than one voliune of 
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his collected works. Further experiments were undertaken 
on the gases already mentioned, experiments so thorough that 
it is remarkable that he should have survived them and left 
a collected edition at all. On one occasion he inhaled pure 
water gas. Luckily he had sufficient strei^h left to disengage 
the mouthpiece before losing consciousness. 

By May 1799 Davy and Beddoes had made several experi> 
ments upon Priestley’s , " Dephlo^ticated nitrous air ” 
(nitrous oxide), a gas which a Eh*. Mitchell had defined as the 
“principle of contagion, oxide of septon,” and therefore an 
attractive material to anyone investigating the physiological 
action of gases, especially one who, like Beddoes, preferred to 
make his own ph3rsiological theories rather than to accept those 
of others. The gas was first prepared in the early part of 
March 1 799, from the interaction of nitric acid and zinc. By 
April 1 1 , when Davy first breathed the pure gas, work had 
progressed so far that this method had been discarded for the 
preparation from heated ammonium nitrate. On April t6, 
1799, Davy for the first time inhaled sufficient of the gas to 
experience its peculiar properties. From that date the chemical 
and physiological investigation of the gas proceeded apace, and 
in June 1800 Davy published his complete work upon it under 
the title Researches, Chemical and Philosophical, chiefly con- 
cerning Nitrous Oxide, which includes all the chemical work. 
A large proportion of the physiological investigation is to be 
found in Beddoes’ Notice of some Observations made at the 
Pneumatic Institution, 1799. In this he announces with some 
complacency^ these first-fruits of an institution “ for pursuing 
the connection between the properties of elastic fluids and the 
conditions of life,” and hopes that with the various gases 
already knowp “ we should now have at our disposal an infinite 
series of powers ’’ to combat disease. Although he never for 
an instant lost sight of the physiological aim of the work, and 
although he noted that sufficient of the gas could induce coma, 
and Davy that it could relieve toothache, yet curiously enough 
neither suspected its properties as an anassthetic. 

The novel effects of the gas excited a good deal of attention : 
all Beddoes' friends flocked to experience them, and in the 
“ Notice ’’ above mentioned there are detaib of its effects 
upon Coleridge, Southey, Mrs. Barbauld, the Wedgewoods, 
Boulton, Watt, and some of the Edgeworth familjr. 

In addition to this work, experiments were carried out upon 
the chemical and phyriolo^cal effects of galvanism, a subject 
that had greatly occupied Beddoes’ thoughts since 1 792. Davy* 
under Beddoes’ direction constructed a large galvanic pile to 
supplqfient the effects of those already constructed by the 
doctor, and several papers on the subject were contributed by 
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Davy to Nichokon’s Journal whilst he was at Clifton. For 
all this work, including that upon nitrous oxide, little credit 
has been given to Beddoes, who after all appears, from sundry 
hints in Davy’s papers and elsewhere, to have acted the part 
of the modern director of a laboratory who, to-day, claims his 
due share of the honours attracted by the researches of his 
pupils. Beddo^’ wide familiarity with the subject of pneumatic 
chemistry, both practical and bibliographical, must have been 
the guide and impetus to Davy’s work. The actual work of 
experiment, it is true, was probably largely left to the pupil’s 
discretion, for — ^what with a large practice and his literary work, 
beside the superintendence of a second section of the Institution 
which he had put in the charge of a Mr. King, who there 
investigated the purely physiological properties of gases and 
medicines, — Beddoes must have had his hands and thoughts 
fully occupied. Nevertheless, to anyone who reads Beddoes’ 
and Davy’s writings of this period, it must appear that more 
is due to Beddoes than has been rendered him. The raw 
Girnish lad of nineteen could not have gained in the short 
space of eighteen months the familiarity with chemical literature 
and method that is so evident in Davy’s writings, and also at 
the same time carry out the mass of experimental work that 
he did, had not Beddoes not only guided, but planned and in 
part executed, the work. 

The work on nitrous oxide carried Davy to the Royal 
Institution, and after his departure in the middle of Februaiy 
1801 the nature of the work at the Medical Pneumatic Institu- 
tion gradually changed, and by the summer of 1803 the “ pneu- 
matic practice ” had been abandoned and the building was 
used as a clinic for preventive medicine, and continued to be 
so used after Beddoes’ death in i8o8. “ Preventive ” medicine 
Beddoes had ever regarded as the only sane policy for a pro- 

g ressive society, and he did all in his power to foster its growth ; 

oth services and medicines he freely placed at the disposal of 
the neighbouring poor. In addition he wrote numerous books 
and pamphlets for general reading in which he gave simple 
elementary rules to preserve health as well as limning the obvious 
symptoms of the more prevalent diseases and the appropriate 
treatment. Of these, possibly the best known is the series of 
essays published under the title HygHa. Of all diseases he 
considered consumption the deadliest and most insidious, and 
to combat it did all in his power. The treatment for consump- 
tion ascribed to him by Mr. Lytton Strachey in his Ltat of 
0 t» Elisabetkans, was not originated by the doctor, although he 
fully believed in its efficacy, and employed it in all cases where 
the patient would submit to it. This was to put the patient 
on a suitably screened and elevated platform in a cowhouse. 
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Here the invalid slept and had his or her being until cured, 
and usually during the whole of the winter months. The 
advantages were an even temperature, the ammoniacal odours 
from the fseces of the cows and the carbon dioxide from their 
respiration. Beddoes was not the only practitioner who 
believed in and prescribed this treatment. Several cures 
were reported to have resulted from it. Needless to say, 
such a prescription but heightened the reports circulated of 
his eccentricity, and are still produced as evidence for it, as 
in Mr. Lytton Strachey’s Last of the Elisabetkans. 

Beddoes possessed an immense capacity for hard work, 
and a talent, rare in his day, for collecting and sifting data, 
realising their logical implications and initiating the necessary 
complementary experimental work. To carry the investigation 
to a triumphant conclusion was not in him, and this is his 
failure. His incapability to achieve work of the first water can 
only be ascribed to the multiplicity of his interests, coupled 
with an infirmity of purpose that divided his energies. Jack 
of many pursuits, a family lack of mental discipline prevented 
him from applying himself sufficiently to any one to master it. 
Like his son Lovell and his own grandfather, he could follow 
a subject so far and then, within measurable distance of final 
success, would drop it to follow some newer star that beckoned, 
only to be lost again. The only light that he followed with any 
pertinacity was a cure for consumption, and even in this he 
allowed himself to be continually side-tracked. Bypaths, 
however, can be made to 3 rield successes, and from them Beddoes 
made contributions of value to the science of his day and in- 
directly therefore to modem thought. His greatest discovery 
was undoubtedly that of Davy, whose researches he directed 
to such good purpose that the master is forgotten while the 
pupil alone is remembered. 
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THE BRITISH MUSEUM EAST AFRICA 
EXPEDITION, 1924 

Bv L. S. B. LEAKEY 
Unwtrsity, Cambri4ge 

In 1907 a German naturalist reported to the Berlin Museum 
authorities that he had found an exposed bed containing fossil 
bones at Tendaguru, near Lindi, in the south of German East 
Africa. An expedition was equipped and sent out in 1909, and 
it was soon established that the beds were of a period round 
about the Cretaceous and Jurassic, and that the remains were 
those of gigantic fossil reptiles. 

By 1914 some 120,000 bones, including several nearly 
complete skeletons, and also some gigantic individual bones, 
(one humerus measured 82 inches) had been taken to Berlin 
Museum. Owing, however, to the outbreak of hostilities the 
work was stopped, and in due course German East Ahica was 
given to Great Britain as a Mandated Territory under the name 
of Tanganyika Territory. 

Sir Arthur Smith Woodward, then Keeper of Geology at 
the British Museum, at once urged the trustees that an expedi- 
tion should be sent out to continue the work, and to obtain 
specimens from this remarkable find for the National Museum* 
It was not until 1924, however, that an expedition could be 
arranged, and then only on a small scale as funds were abso- 
lutely inadequate. 

In February 1924, Mr. W. E. Cutler of Manitoba University, 
who is recognised as one of the leading palaeontological collectors 
of the day, sailed for East Africa as leader of the British Museum 
East Africa Expedition, and I myself, though only an.under- 
^duate, had the great luck to be chosen as his assistant, 
for I had been bom and brought up in East Africa, and could 
speak two of the native languag^. 

Owing to numerous difiiculties connected with the trans- 
port of equipment at the proposed site, it was not until the 
beginning of June that the actual work of excavating could be 
commenced, and even then work was considerably restricted 
by the density of the vegetation covering the whole area. In 
fact, the first few sites worked on were only found by the help 

*¥> 



SPECIALLY SELECTED TRAINED NATIVES AT WORK UNCOVERING AND 
CLEANING BONES AFl'ER THE ROUGH GANG HAVE DUG DOWN TO HONE 
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of local natives who led Mr. Cutler through elephant grass, 
often reaching well above his head, to spots where they re- 
membered having seen exposed bones when the bush-fires had 
done their work at the end of previous dry seasons. Once 
a bone exposure had been located, however, work could be 
started, and before long we began to discover bones in ever- 
increasing numbers. 

Meanwhile Mr. Cutler had spent a good deal of time down 
dry creek bottoms, making a collection of the invertebrate 
fossils and corals, without which the more sensational finds of 
bones would be of little scientific value, for it is mainly to the 
invertebrates that geologists look for information as to the 
geological age of any bed. 

But to return to the bones : when an area had been selected, 
a gang of natives (Angoni from the west formed the main 
labour supply as the local tribe, the Wamwera, were neither 
numerous nor hard-working) was set to work to dig down until 
“ bone-level ” was found, and they then proceeded to open up 
the area all around to the same level. Specially selected and 
trained natives next set to work to uncover all bones partially, 
and then the hard small bones were taken up and packed in 
brown paper, while the larger ones were plastered. Any bone 
which was “ brash,” i.e. crumbly, was of course treated with 
shellac. Amongst some 600 bones found between June 
and November were a number of truly remarkable size, as will 
be seen in the accompanying illustrations. It was a strange 
fact that teeth, usually so plentiful in similar beds, were very 
rare indeed, while skull fragments were hardly ever found. 
These two facts give very strong support to the theory that the 
Tendaguru beds form the site of the old delta of some great 
river. This river carried down the bodies of these dinosaurs 
and other reptiles which lived and died along its banks, and 
deposited them in the silt of its mouth. As decomposition 
set in the head would- be the first part to drop off, thus seldom 
bei^ carried as far down as the rest of the body. 

Tne work of the expedition during 1924 has been simply 
confined to one very small portion of a great area that is covered 
with promising sites for excavation ; not only that, but bone- 
beds are now reported from other parts of East Africa, even 
from the shores of Lake Nyassa, and doubtless as interest 
increases, reports will continue to come in. And yet, owing 
to lack of nnancial support from those who are interested 
in sdence and discovery, the Museum has only one man at 
Tendaguru, where there is work for ten or more. 

The Director of the British Museum issued an appeal at the 
end of last year for funds to enable the work to be carried on ; 
but, so far, the response has been small. Are we going to hold 
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back and let America have all the glory of great discoveries 
in this branch of scientific research ? The American Palaeonto- 
logists are doing a great work in Mongolia. Shall we let 
England lose her opportunity of making greater discoveries 
in Africa ? 

For further articles and photos on the first year’s work of 
the British Museum East Africa Expedition see The Times of 
December 19, 1924, and The Sphere oxiA Illustrated London News 
of January 17, 1925, 



A GIGANTIC FFMUR IN ONE OF THE !■ XCAVATIOXS. 

It has bcori partly cleared and is awaitiuK plashTiiif^. A bone such as this, svlu ii plastered, 
will take as many as eight m»‘ii to carrv it up te camp. 








GIGANTIC HUMERUS (HATF-PLASTERED) AND ANOTHER BONE (BEHIND IT> 

COMPl.ETEtA' PLASTERED. 
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POPULAR SCIENCE 


ON FEEDING IN PUBLIC SCHOOLS 

By G. E. FRIEND, M.A.. L.R.C.P.. M.R.C.S. 

Midical Offlp^r io Christ*5 HospitaL Horsham : Hon, Trsasurrr of th» Medical Officers 
of Schools Association. 

The purpose of this article is to review in as non-technical 
a manner as possible those various aspects of institutional 
feeding, particularly as they apply to the modern public 
school, which have become familiar to me in some twenty years' 
experience and supervision of dietetics in schools and in hos- 
pitals. 

I would say at once that nothing I may write in a critical 
spirit is to be taken as appl3ring to any particular institution. 
The faults that exist, and they do still exist, are general to 
a great extent, and they are, probably always, due to a lack 
of appreciation of essentials on the part of those responsible. 
Many influences are at work to diminish this lack of under- 
standing, and the problems of institutional feeding are now 
receiving much more attention than they have until quite 
recently. For myself, I have always found that any suggestions 
of alteration or improvement I have had to make have been 
S3rmpathetically received, and put in practice whenever cir- 
cumstances have reasonably allowed. 

The subject of School Diet has again been much in the 
public eye since 1919, as it had previously been from time 
to time during the past forty years, and probably even before 
that. It is abo evident that a good deal of uninstructed criti- 
cism as well as much sound common sense have been allowed 
to appear ih print, in the lay press. 

In 1891 Dr. Qement Dulms first published his book on 
School Diet, and as regards the better-class public and pre- 
paratory school this book is still a standard of reference. 

. Though recent research has modified some of his conclusiiqns, 
the bulk of what he then wrote is still of general application 
and well repay continual study on the part of those to whom 
it was addressM. 

Much public attention has betm directed to the accessory 
food factors (vitamines), and there is the possible danger 

«43 
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that these constituents of diet may be given too prominent a 
place in the lay mind, to the detriment of the integer of the 
diet — ^the calorie. 

In this country, given an adequately* mixed diet and given 
that this diet is properly cooked and properly served, I venture 
to think that if you take care of the calories the vitamines 
will take care of themselves. In saying this 1 am not to be 
taken as in any way disregarding their essential importance, 
but as merely stressing the point that they must not be allowed 
to displace the calorie when the basic value of any diet scheme 
is under consideration. Though our knowledge of these factors 
is still elementary, their importance is fully proved. There is 
a very clear account in non-technical language of these 
factors and the particular foodstuffs which do or do not 
contain them in the pamphlet by Dr. Culverwell, and I do not 
propose to consider them in any detail in this paper. 

We learnt many valuable lessons in the practice of dietetics 
from 1917 to 1920 and after ; and early in the War, when con- 
sidering in advance the possible effects of a shortage of essential 
foodstuffs on a schbel population, it occurred to me that the 
following " equation ” would make the essential conditions 
to be aimed at clearer to the lay mind than a long physiological 
dissertation : 


Amount of ^ (eaten)l ^ 

Amount of sleep j sUghtly exceed 


'Amount of work 

Amount of play 
+ 

.Amount of growth. 


The effect of sunlight and fresh air is to be taken into account 
on both sides of the equation. And it is essential to note that 
the balance will be anected by illness, weathn*, temperature. 
The Indices which will most readily show variation from the 
normal will be gain or loss of weight, illness, fatigue. 


The Amount of Food Required 

From a study of the old diet scales of seva*al schools of 
fifty years ago or thereabouts, it seems probable that the amounts 
of food us^ were arrived at empirically by providii^; in the 
first instance just so much of a plain and moderately mixed 
diet as sufficed to keep the consumers more or less satisfied 
and free from any actual sensation of hunger. The basis of the 
diet was also apparent^ founded empiricmly on the experience 
of years, combmed with the prevailing fashion of the period in 
regard to dishes, combined also with a strict eye to economy 
of cost. In the better-class school, where the then normal hiip 
fee was charged, there could be no justihcation for such a 
method, and white many schools and house-masters more than 
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fi|lfiU«d their obligation to their pupils, in a good many instances 
the consumer did not get anything like the value that was being 
paid fcH*. That this was too frequently the practice will be 
evident to any careful reader of Dr. Dukes’s book. After the 
publication of School Diet,^ a good deal more attention was 
undoubtedly paid to the scientific construction of school diets, 
or at least the amounts supplied were much improved, but 
there is reason to believe that there still remain far too many 
schools where the feeding system remains on a purely empirical 
basis. 

In the present state of our knowledge of feeding, a large 
element of empiricism is not only inevitable, but is possibly 
even to be advocated so long as it is intelligently and sym- 
pathetically applied. But empiricism must be kept sharply 
distinct from any suggestion of cheeseparing. 

Even in those institutions where the supply of food is a 
" luxus ” one, pure Empiricism is both ' economically and 
physiologically wrong, and is as much to be condemned as it 
is m those institutions when the supply is near or even under 
the actual margin of safety. 

The first factor to be determined in arriving at an adequate 
dietary is the average age of the consumers, and the same 
principles apply whether the number is 50 or 500. 

Following the first publication of Dr. Dukes’s book on Diet, 
many schools reconstructed their diet tables on scientific bases, 
and the average value of the diets arrived at then would appear 
to have been about the average caloric value of 2,700 per day 
pa: boy, taking the average age of the school to be between 
14 and 1 5 years. According to the schemes recommended, such 
a diet would contain approximately ; 

Proteids . . 123 gms. or 4*44 oz. 

Fats 100 „ 3-55 .. 

Carbohydrates 35a „ ii-S4 „ 

From present knowledge this is a very poor diet. It is deficient 
in all three essential constituents, and for growing children 
is dangerously low in both proteid and fat. No doubt in 
many schools this diet was unofficially supplemented by the 
irregular consumption of tuck, and by jam, etc., provided by the 
parent. 

Practical experience has more than borne out Dr. Dukes's 
dictum that " In the feeding of the young, from infant to 
adult age, it is, therefore, important to remember this fact, 
mat excess of albuminous or nitrogenous food is imperative— 
at the mtler of Nature — so that they may not be stinted in what 
Is necessary to prevent them being stunted.” 

^ueh a sode as the above means practically that there is 
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only one good meal a day, ^d that Ineakfast and tea consist 
of bread and butter, or bread and margarine, with occasionally 
a little jam or marmalade or porridge. This is quite wrong. 
The first meal of the day must be adequate, and should always 
include either meat, fish, or porridge and jam (marmalade), in 
addition to unlimited bread and butter. 

!n many schools this need has gradually become recognised, 
and some addition haa been made to the breakfast on all or 
most mornings of the week. 

It is indefensible to make any boy either start work on an 
empty stomach or to go through a morning's work in school 
(often with a period of physical training included), unless he has 
had an adequate breakfast. Equally inexcusable is the practice 
of allowii^ boys to supplement the school dietary with jam or 
other extras provided by the parent. 

Where the dietary has been drawn up on a scientific reckon- 
it^, it is now generally estimated that the average daily value 
of the diet per child where the average age of the school is 
14 to 15 years should be about 3,000 calories. 

1 would go further and say that if the average age is over 
i4‘o years, the average daily value per child should be round 
about 3,300 calories. I am prepared to admit that if the 
conditions are ideal, this value may prove to be needlessly 
high. But as things are at present in many schools, to judge 
from information that appears to be reliable, I do not consider 
3,300 calories too high a value to be aimed at in order to keep 
near the line of efficiency indicated by the “ equation " set 
down above. 


The Dietary 

This is best divided between three meals per day. 


BmJclMt 7.43 or 6 a.m. 

Dinner lor 1.13 p.m. 

Tea » ... 6 p,m. 


Supper at 8 p.m, may be required as an extra for those 
boys only who stay up for late Prep. 

I believe if the diet be lib«ral, varied, and properly served, 
in other words, adequate, that three meak are enough. 

Supper for the whole school is unnecessary, and even un< 
desirabw on physiolo^cal grounik. 

For the elder pupfis who are working late a light ssadt 
should be provided — two to three ounces of biscuit or four 
ounces of bread, with half an ounce of cheese or blitttt per head 
is quite sufficient, with a small glass of water if a drink is ;requlre4. 
Hot mfik OT cocoa are not heeded at except posmly ih 
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winter, and more food than the above tends to keep the child 
awake or otherwise annoy his normal balance. 

The practice of giving tea at 4.30 and supper at 7 or 7.30 
I telieve to be unnecessary and liable to overheat the organism. 
With three meals a day of a total average calorie value of 
3,000 to 3,200, made up approximately of : 

Proteid . . . . 150 gms. or 5*33 oz. ] taking the average age 

Fat .. .. X50 gms. or 5*33 oz. > of the school to be about 

Carbohydrate • . 450 gms. or 16 oz. J 14*5 years, 


it should be possible to provide three thoroughly well balanced, 
attractive, and nourishing meals at a reasonable economic 
cost. 

Breakfast . — Cocoa or coffee (with tea as an occasional 
variant^ with plenty of milk should be the rule. The meal 
should include either meat, fish, or porridge and jam or marma- 
lade, in addition to unlimited bread and butter. The latter 
should be given every day at both breakfast and tea. 

The use of mai^arine or margarine mixtures is quite inde- 
fensible in view of the importance of vitamines and in view 
of the fees charged by the majority of schools. Dr. Culverwell’s 
suggestion that a school dietary which contains an ample 
allowance of milk, and in which much of the fat is given in the 
form of margarine and dripping, would therefore seem preferable 
to one in which butter is freely used, but which contains 
relatively little milk, is no doubt scientifically correct, seeing 
that butter contains little calcium, and that Vitamine A is 
dependent for its proper action on an adequate supply of 
calcium salts. But this suggestion should not be allowra to 
be used a& an argument for the retention of margarine in any 
^hool dietary (except for cooking), unless the economic factor 
is overwhelming. There are other foodstuffs which furnish 
a supply of calcium in a well-mixed diet, especially eggs and 
vegetables, while the growing organism needs all the available 
Vitaimne A that it can get. and the action of that amount 
contained in the butter will presumably be assisted by the 
calcium in the other items of the diet. The exclusion of butter 
would also have to be justified by a full ration of milk to ensure 
sufficient vitamine supply — a condition of things which is the 
eiEc^tion rather than the rule in most dietaries. 

The Lunch Bit . — If twentv minutes' physical training is 
iadttded, as it should be, in the middle of morning school, a 
ootmle of udieatmeal or gingor biscuits should be provided fat 
okdh pupil and time allowed for changing clothes before and 
after the drill. Properly organised, this only entails a beeak 
of thirty minutes, and it has been my experience that this 
toUtinie 18 repdoed well woith while by the increased ftediness 
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of the work during the second hall of morning school. l%at 
this is so has been reluctantly admitted some of the most 
inveterate scholastic diehards. The more important effects of 
physical training are now so sufficiently recognised that th^ 
do not need emphasising here. 

Dinner. — As Dr. Dukes wrote, this is and always will be 
the best meal of the day. There should always be a choice of 
meats, or at least a frequent daily variation of kind, which 
should be fresh cooked for each meal. Twice*cook^ meat 
should never be served if it can possibly be avoided. " Cold 
meat is better than re-cooked scraps.” ” If meat must be 
re-cooked, mince it and make cottage-pie.” ” Re-heat; never 
re-cook.” 

With good management it is as economical and nearly as 
easy to provide once-cooked as twice-cooked meat, and it must 
be remembered that the latter has most if not all of its growth- 
producing value destroyed by the additional processes to whidi 
It has been subjected. Stews are unfortunately necessary at 
times to avoid waste, but they should be limitra in frequency 
and more carefully made than is often the case. Cott^e-pie. 
is better value than stew and has the advantage of being a 
popular dish. 

A second vegetable, preferably of green stuff, should be served 
not less than four days a week. Beetroot is not a full substitute 
for greens. 

When soup is given instead of meat, it should be made mainly 
from vegetable stock freshly prepared, and should not be an 
ultimate extract of the ox. 

Where it is the practice to provide cheese in place of a 
pudding, it should be the rule that a substantial duff or suet 
puddii^ be served on soup days.. Cheese should never be 
given at the same meal as soup, and soup days should nevor 
be allowed to coincide with competitive football matches. 

Milk puddings are probably more popular with the cook 
and the caterer than with the consumer. They are easy and 
comparatively economical to make, but I doubt if they are as 
good value for children of school age as they are usually assumed 
to be. I would rather see the xnilk allowance isSura as auUc 
with porridge, tea, coffee, or cocoa, and as milk to the Smaller 
and delicate child, than imve it penunctorily transformed into 
a sloppy and unappetish^; mess, as is too often the case. A 
good milk pudding is a very pleiuant dish to many, blit net Id 
the majority at uiis aim ; but even so it can be served too 
frequently, while a bamy made one is enot^h to destroy the 
most robust appetite, ^o a week vdth stewed fridt kre 
admirable ; more than this often tend to defeat tfadr objem. 
Tta should condst of unlimited bread and butter ptuer 
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wmxgBtrine), with either cake, jam, or fresh green food as an 
eartra, and not as a substitute for butter. 

Vi^en coiuidering the amounts of food’to be provided for any 
diet scheme, it has to be r<unembered that in catering for growing 
children it is essential that a surplus of proteid and fat be 
movided. The supply of meat per day should, according to 
Dr. Dukes, be not less than nine and a half ounces uncooked 
wei^t per head, while Dr. Hutchison says that at least 
one-third of the total daily proteid should be given in the 
form of meat. These statements are approximately in 


agreement. 

The supply of bread should be unlimited, and sufficient jam 
and butter provided to ensure that enough bread is eaten. 
As regards the question of wholemeal versus whitemeal bread, 
a bread made from a flour containing not less than 80 per cent 
of the whole wheat grain is preferable, with the occasional 
addition of some bread made of a 90 per cent flour fa stronger 
flour than this will not be tolerated by the modern child’s 
ffigestive organs without a process of desensitisation). But 
in the better-class school, where presumably a fully adequate 
diet is supplied, the value of the wholemeal as against the white 
bread is probably not of that vital importance as it is where 
economic pressure is more of a factor. In the case of poorer 
institutions or families, a wholemeal bread and flour is undoubt- 
edly both more economical and more efficient as a staple food. 
On purely physiolc^ical grounds also the 80 per cent whole- 
meal bread and flour is to be preferred. 

BtverMts . — ^Tea and coffee have by now become established ' 
M ^ple beverages. It should, however, be remembered that 
their food value is practically nil, for children their stimulant 
properties are undesirable, and as aids to appetite they should 
oe unnecessary. They serve as useful {sic) vehicles to ensure 
<he consumption of part of the milk ration. Cocoa has fewer 
cflsadvantages and p^haps some advantages, but its food value 
is generally overestimated. Cocoa when provided should be 
disregarded in estimating the caloric value of a diet. For 
several reasons it is a pity that the practice of providing a 
small quantity of a light malted ale at at least one meal of the 
:<^y in school dietaries has been given up. 

To attempt to make anything like an adequate list of the 
various articles of food which can be used in their seasons to 
onsure a sufficient variety in the diet scheme would take up 
ffir too much space. The matter is fully and admirably dealt 
with in Dr. Duka's School Diol, while much useful infonpati<m 
in n^;ard to the vitamine aspects of many foods is clear^ and 
won-technicaliy given in Dr. Culverwell’s pamphlet. A full 
account of the sum of our present knowledge of vitamines is 
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contained in ProfesstHr H, £. Annstrong’s Cantor Lectures ior 
1919. 

Common Faults in Institutional Febdinc 

1. Tlw Basis of Dist TabUs is too often purely Empirical , — 
In many schools the food supplied is quite adequate in amount, 
and even excessive, but yet the diet as a whole is badly balanced 
and may be grossly Jacking in some essential constituent. 
It is said on good authority that in many schools margarine 
or mai^arine mixtures are still used in place of butter. The 
supply of milk is often too small. In either case it will probably 
be foimd that the general health is below par, boils and other 
chronic skin infections are frequent and take longer to heal than 
they should, or the aver^^ mental condition is slack. In 
other words, there is fatigue. 

2. Too Short a Time is allowed for Meals . — ^This is the case 
in many schools, especially in respect of dinner. Dinner should 
never last less than forty minutes. Too often thirty minutes is 
considered ample, and the fashion is to hurry over the food, which 
is bolted instead of being properly masticated, the younger 
children having to keep pace with the older, in order that tl^ 
may all be off to some game instead of being made to take sujBn- 
cient time to properly dispose of the main meal of the day. 
The younger the child the more time he needs to masticate a 
full meal, and it is the duty of the proper authority to see that 
this time is provided. 

Incidentally, no strenuous nor any oiganised game or exer> 
cise should be permitted to begin for at least one hour after 
dinner. Reading books at meals is bad for several reasons 
and should never be permitted. 

3. Early Morning School . — It cannot be too strongly in- 
sists on that it is entirely wroi^ to make boys do any work 
(ment^ or other) on an empty stomach. From practical 
experience since 1917 I am sure that once school before break- 
fast has been given up and the effect on the pupils carefullv 
noted in any school, it is unlikely to be resumed. A smsm 
mug of cocoa or a .couple of biscuits is not a meal, and to give 
this at 7 a.m. and then extract an hour’s work bcuore the real 
breakfast is as wrong as it is to exact the work on an emjj^y 
stomadi. For it is calling the digestive apparatus into adii^ty 
to deal with an inadequate mass, and then when the initial 
stimulus is banning to slow off, to suddenly present the appara- 
tus with a fuU load to be deidt with before the ors^uis have had 
time to recover thdr poise. In this, as in the habit of snacfks 
between meals,” lies the ori^ of much digestive trouble, to 
be< devek^ked later on. To be condemned equally with eaidy 
school is the practice of holding nmming chapel b^ore bretdl' 
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This may be permissible in summer in warm weather, 
it is definitely Imrmful ip winter or bad weather. If the 
ttme>table is the obstacle to having chapel between breakfast 
and morning school, it would be better to lengthen the interval 
between breakfast and dinner to five and a half hours, than send 
the pupils to chapel on an empty stomach. 

4. Lack of Variety in the Daily Menu. — In far too many 
schools it is the practice to draw up a weekly menu which does 
duty without any alteration week by week throughout the term, 
if not for longer, except only when the butcher fails to deliver 
some particular order to time. Then “ system ” becomes worse 
confounded, and the hapless consumers for that one meal are 
fed on some hastily contrived substitute. Such a system of 
menu can only be described as the acme of bad management. 

A menu for each meal should be drawn up, giving in detail 
every meal for every day of each week of the term. And 
it is especially important that the day on which any 
particular table or mess will have each particular dish served 
should remain an unknown quantity to the consumers befom- 
hand. There is nothing so likely to interfere with appetite 
than to know that every Friday you will have stew for dinner, 
porrid^ for breakfast, and plum jam for tea. V^ety is one of 
the chief natural appetisers, and everything possible to provide 
plenty of variety should be insisted on. It is really only a 
question of good or bad management. 

5. Proper Service of Meals. — ^This is nearly as important as 
sufficient variety. Proper service includes punctuality and 
regularity in the time of meals. Hot dishes should be hdt. 
Meat should be properly carved and decently plated. The 
table appurtenances should be clean and kept in proper repair. 
As it IS the duty of the providing authority to procure an 
adequate dietary, so it is his duty to see that it is properly, 
decently, and appetisingly served at table. On so-called 
economic munds the number of servers is often insufficient, 
carving is badly done, food is not hot or is sent in untidily or 
ifoUy served or dished. Anything that tends to diminish 
appetite is bad both economically and physiologically. Fror> 
perly served food goes further, does more good to the recipient, 
amd so saves money both directly and indirectly to thejprovider. 

6. Bad Cooking. — The above remarks apply equally to the 
kitdien. Far too often food is wasted and spoiled, or has part 
of its value destroyed by bad cooking. The food is Mod enot^ 
'mkm' bou^t and plentiful in amount, but its vuue may m 
ffiminisfaed by as much as j^o per cent by indifference, ctir^ess* 
neia» or bad maharoment m the kitchen. 

7. DUt Scheme should be capahU of adaptedim to meet 
ahy great bt sudden change in weather or school routine. In 
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hot weather less meat and less iat will be required, and 4 isiaMM 
Sequent supply of fresh ereen food, such as watercress, radiuies, 
lettuce, etc., and fresh fruit be called for. 

Fresh fruit and greens should be much more frequent items 
in the diet m most schools, and the same remarks apply to 
green ve^tables. 

6. It is not enough that sufficient food be bought, supplied 
to the consumer in an appetising form, and properly and 
punctually served. It is also the duty of the immediate super- 
visor of the meal to see that while all this is done, no pupil 
is detained from getting to the meal at the proper time, for any 
reason, and that when there is assured of getting enough time 
to eat it. It is essential to see that the smaU pupil is not 
crowded out or passed over. This in the very nature of things 
is most Kkely to happen unless there is constant supervision. 
The smaller child requires pro rata as much food as the bigger, 
and he also requires more time to eat it. He is often served 
last and has to finish at the same time as his bigger feUow who 
was served before him. This is quite wrong. It does not 
haiq)en at home and it should not be allowed at school. Given 
a properly balanced and adequate dietary, I am convinced 
that great increase in efficiency as regards value with consider- 
able economic saving can be obtained if due' regard is given to 
the questions of variety, service and cooking, and the aesthetics 
of the table. 1 do not think that sufficient attention is paid 
to these points in the majority of institutions. From a fairly 
intimate knowledge of the feeding systems now in force in over 
a dozen schools, including public and preparatory, boy and 
girl, I an sure that increased attention to these aspects would 
pay for itself ova* again. These matters will seCm of small 
importance to many, while others will no doubt consider that 
th^ are already giving them as much attention as is worth 
while. I venture to differ. Should such criticism be offered, 

I would say to the critic that if he or she possessed the necessa^ 
elementmy knowledge of physiological principles that underlie 
thb science of dietetics, they would mcne fully appreciate : 
the value of good work in these directions. 

It is almost a national habit to grumble about the food we 
have served us. He who pays drrectly for his food is lett 
critical than those who are catered for. No institution is ffee 
from sudi critics. They are sometimes more or less justified 
in their criticism. UsuaUy less than, more, in my experience* 
Criticism has probably ahrays be«i eacpehded on school feedr* 
iz^. Occasionally it js no doubt justified, but I think, on tiie 
whole, conditions to-day in the majority of schools are mndh 
betfer than the popular idea would lead one to suppose. That 
tiiere are Isulte is to he adnfitted, but I ^ net b^ve they qae 
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fMiiilaniental in the majority of schoob. Where th^ exists 
tlmy are mostly on the lines indicated above and are not to 
^ any great extent incapable of solution. 

Inere are two systems of school feeding in force : 

t . Where all meab are taken in a central hall, the food 
beii^ provided and cooked by the school. 

2 . The boarding system, where the pupils are fed in houses 
by the house-master. 

1. If the school, say of 400 to 500 pupils, is fed in a central 
hall and the meals are provided by the school from a central 
kitchen, stoclra are got in wholesale at wholesale prices. Their 
usue is in the hands of a trained steward or housekeeper, who 
is also responsible for the daily menu and the service. Results 
in this case depend on the manuring capacity of the person in 
char^ and the problem is capable of a fairly easy solution. 
I beueve the solution to be the employment of a trained lady 
superintendent with direct responsibility to the ultimate 
authority. 

2 . Suppose, however, the school lives and feeds in houses of 
forty to fifty pupils. Each house is separately run by the house- 
master, who b responsible for the catering. He probably 
delegates the feeding arrangements to his wife or a housekeeper, 
who may or may not be trained to Ithe work. In any event, 
his and his wife’s knowledge is most probably amateur 
and empirical. Neither of them b a trained buyer, house- 
kcq)er, or cook. They start and they continue of necessity 
at a disadvantage in their dealings with the traders, whose 
business it is to get the better in any bargain. There may be 
right, ten, or more houses in the school being run on these lines, 
^me suffer, others may not. All buy separately, and all cook 
and serve separately. Probably the servant problem has to 
be considOTea, and they dare not offend the cook or ask the 
maids to do any more work. They do not realise that if they 
corid all buy collectively, and obtain collective supervbion 
of their own household services, they would at once double their 
^^ency and save one-third of their outlay, possibly more. 
Ibis could be done by the joint employment of a trained lady 
superintendent, who would do the whole buying, arrai^ the 
dietaries, supervise the staffs and service, and in addition look 
after linen and domestic arrangements generally. Such a 
superintendent, being trained to the work, would within a 
few months effect such a saving as would suffice, after paying 
Imh* a good salary, to provide a mairin, part of which could be 
used, u necessary, to assuage the fedin^ of the cooks and maids, 
in my own expenonce in three institutions it is quite posrible 
to introduce such a system not only without friction, but with 
OOnsidemble Increase of comfort and efficiency to all concerned. 
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The same sunption was recently advocated in a letter to 
Tim 4 s from Miss Jean Muldrew of Ottawa, pnbl^ed in the 
issue of December 22 last. 

I have purposely refrained from discussing in any detail 
the actual proportions or the basic construction of a diet scheme. 
I take it for granted that the essential constituents are known 
to all interested in the subject. Further, as the data necessary 
for such a purpose are *set out so broadl3r by Dr. Dukes in his 
book on School Diet and so clearly and in such detail in Dr. 
Hutchison's book on Food and the Principles of Dietetics, it 
is an unnecessary as it would seem presumptuous for me to 
attempt to do more than allude to this asprect of the subject. 
I have rather tried to picture the problem as it affects the ad- 
ministrator, and to point out certain of the more obvious defects 
in so far as I have been made cognisant of them by my own 
institutional experience. 

I wish to express my indebtedness to those authorities to 
whose work I have had recourse for information both for this 
article and for my own previous instruction, and for mater 
convenience in reference I have added a list of the bo(^ and 
papers consulted instead of giving individual references in the 
text of the article. 
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NOTES 


Oeocft Oomdoc UTaing. Bmaittiu Profanot ot Ohaiiiiatrr, Ounlnidfa 
Vatvaiaitg (Sir Aithor B. Ibiidey. FJl.8.. mutn ot Oluiat’i 

OoUaga). 

The Mathematical Tripos was founded in 1748, and for more 
than three-quarters of a century those students at Cambridge 
who took an honours degree had to take this Tripos, but in 
1824 the Classical Tripos was established and in 1851 the Moral 
Sciences Tripos and the Natural Sciences Tripos were inau- 
gurated. In the latter the first man in the first class was the 
late Professor Liveing. He was followed by Professor Hort, 
afterward Lady Margaret Professor of Divinity, and through- 
out his long life a keen botanist. Altogether there were only 
six candidates, whose number was halved the following year. 
In 1 854 Liveing was an examiner. He must only just have taken 
his M.A. degree. _ For a while he worked in Germany, and re- 
turned to Cambridge to become a Fellow and Lecturer at St. 
John's College. His Fellowship, however, was vacated on his 
marri^e in i860, and in that year he became Professor of 
Chembtry at the Military College at Sandhurst, though he 
continued to teach at St. John's. The year following his' 
marriage he was elected to the Professorship of Chemistry at 
Cambridge, and he held this post until the year 1908. 

At this time there was little or no provision in the University 
for practical work. Tn the ’fifties the University had acquired 
the site of the old Botanic Garden between the back of Mr. 
Mortlock's Bank oh the north and Downing Street on the south. 
But things do not move very rapidly in the older Universities, 
and although plans were prepared which included rooms for 
the Mathematical Professors and the Jacksonian and for the 
Professors of Botany, Chemistry, and Mineralogy, nothi:^ came 
of . them. It was anticipated by the Committee whi^ was 
CQiisidmi^ the matter that at trast two of these teven Pro- 
lesaoia might lecture during two terms and the remainii^ five 
during one term 1 Assummg this, they thought that three 
lecture-rooms would suffice for all the Professors. But there 
no moi^, and the scheme fell through. 

• Hoiaeviesr, when X came up in 1880; a Laboratory had be^ 

6SS 
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built, though hoi a veiy adequate one. It stood on the ihte 
of the now gaping wound in Gnrh Exchange Street between the 
buildings of Pathology and of Zoology, and one can still see 
on the northern wall the painted dado of the upper chamber. 
Here and in an adjoining room where Sir James Dewar workMl, 
Liveing started our great School of Chemistry. 

But at first his a^ivities were by no means limited to his 
own subje<^. At this time, owii^ to the fact that there was 
no Cavendish Professor of Experimental physics, Liveing had 
to do for ten years a good deal of physical teaching. Many 
years later it was due to his energy and initiation that the School 
of Agriculture was started, and, if Chemistry had a small begin- 
ning, Agriculture had a still smaller one, for it was housed at 
first in a couple of small rooms in the basement of the Chemical 
Laboratory, which had by 1889 been built on the site of the 
old Pesnt Almshouses. 

Liveing spared no pains in drawing up the plans of his new 
Laboratory, even down to the minutest details. He visited 
many continental Institutions, and it is satisfactory to read 
that when at last in May 1899 the Laboratory was finished 
the Professor of Chemistry and the Jacksonian Professor both 
recorded, “ We are now in possession of the whole building, 
and we are glad to be able to state that it fully answers our ex- 
pectations.” These Laboratories have since been increased 
and increased. At the time of Professor Liveing’s retirerhent 
there were working there two hundred and fifty students and 
researchers ; but at the time of his death this number had been 
incre^ed threefold. 

Liveing was a simple man, with all the strength of simplicity. 
He never sought fame, and if anything rather effaced himself. 
For instance, he was by no means fgnd of taking part in the 
discussions in the Senate House. He was physically very 
strong. As an undergraduate, he rowed in the Lady Maigaret 
^at, and he always, even to the latter years of his Ufe, worked 
in his garden. At the age of ninety-five he was found cutting 
falgots. In his garden he took a keen interest, and he had a 
considerable knowledge, as a landowner, of agriculture as well 
as of horticulture. His wife was for many years an invalid, 
and it was one of the familiar sights of the town, when 1 was a 
student, to see the Professor wheeling her out every afternoon 
in a bath-chair— rather a pathetic sight. He was extraordinarily 
naturaL and 3rou always knew more or less how he would take a 
thing, for he was always true to the high type that was in hltn. 
He was very rarely ill— a fact which he attributed to his <dways 
wearing ilanne} next to his skia. But be had at least two img 
and serious illnesses which he bore vrithout comphuBing and 
with the utmost patience ; mi indeed with a certidn: sUttMt 
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dieerfulness that seemed little removed from Indifference. As 
a magistrate he was constant in attendance on the Bench, and 
it is on record that his series of demonstrations on spectroscoi:^ 
which lasted two hours were given on five days of the week only 
because on thesixth he had to attend the Court, for, as he said, 
without his “ sanction no man could be put on bread and water.** 
" Men of science, my Sandra, are always the humanest,** as 
Laura says in Villoria. The following anecdote is contri> 
buted by my friend Mr. J. P. Millington, who knew Liveing 
intimately for many years. 

“ Of his magisterial office he was proud. 1 remember one 
occasion when two of his assistant demonstrators had been 
charged by the Cambridge Police for riding bicycles on the foot- 
path, were duly summoned to appear before the Bench. Jointly 
they went to Liveing, admitted their guilt and asked to be 
excused from attendance. Liveing naturally wished for an 
excuse, which was at once forthcoming — ‘ ftofessor 1 If we 
attend the Court we shall not be able to demonstrate in your 
Laboratory.’ 

“ ’ Good 1 but I shall fine you, all the same.’ He did.” 

Mr. Millington records the Professor’s inveterate dislike 
of tobacco, a dislike shared by many a man of his age. And 
again : 

“ Liveing had a great objection to being interrupted when 
at work in his private room in the Laboratory. On one day 
I was asked by a man whether he could see the Professor and 
where was his private room. My reply was that the Professor 
did not see people except by appointment, but — there was his 
room. The man explained that he had come especially about 
the insurance of the laboratory Buildings and Contents. I 
could do no more than point to the door behind which the Pro- 
lessor worked — and wait. 

” I heard three taps on the door, a voice ' Come in,* a louder 
voice ’ Go out,* a shutting, of the door. I retreated with dis- 
cretion.” 

He was indeed extraordinarily terse in his conversation ; not 
exacts abrupt or curt, but sometimes very monosyllabic. Like 
Captam Cuttle, he did not waste ” language as some do.” On 
the other hand, he could be a very entertaining companion, 
and one of the most remarkable efforts I remember was 1^ 
(kiiyering an address after the annual dinner of the i^osp« 
phical Smaety at Sdney Sussex College, which lasted the be^tm 
part of an hour, at a time when he must have been over ninety* 
He was at times rather kasdible, and in fact when I was a stndeht 
Jhe med to be ca^d ” Red Precipitate.” But he had a ^nd 
heart, although he was the most logical of men, and fearhm^ 
traced .effects to their oiuses. 
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Mr. MiUiitgton further writes : 

When. I had the chance of taking up scnne industrial work 
I naturally asked him if he wotdd allow me to refer my pros- 
pective employers to him. This was done by letter. On the, 
same day 1 was told that the Professor wished to see me at his 
house (' The Hghtle ’). Of course I went, and was shown into 
his study. The old man was ^tting before a fire with one leg 
restiw on a gout-stool.* I ventured to sympathise with him 
on his rheumatism. ‘ I have got no rheumatism 1 Went up 
to London two days ago to a meeting of the Royal Society. 
Took a hansom cab I Slipped on the step I Rheumatism ? 
Never had it in my life. I will tell you the secret. Thick 
flannel next to my skin I ’ He hitched up the leg of a trouser 
and displayed the underwear. He spoke truly. 

Another foible of the old man was a hatred of draughts. 
In my time each laboratory was fitted with swinging half-doors. 
On one occasion I let the doors of the first-floor swing and bang, 
Irft this floor and went to the third floor. There, well inside, 
I was greeted thus : ‘ You slammed the doors 1 You 

created a draught 1 Do you not know that my life has been 
one long crusade against draughts 7 Don’t do it again 1 ' *' 

The management of so lai^e an institution as the Chemical 
Laboratory inevitably took up much of the Professor’s time. 
His lectures were most carefully prepared, and his experiments 
were most strikii:^. To all those who had sufiicient mathe- 
matics to appreciate his leaning in that direction they were 
very stimulating. Every day he went round the classes and 
spoke and critiased the work of the students. He could nev^ 
tolerate slovenly work. In spite of the many cares of the Labora- 
tory administration he found time to carry out, in conjunctimi 
with Sir James Dewar, some remarkable researches in spectro- 
scopy which were later republished in a volume and now form 
a stan^d work on the subject. Even during the last few 
yem^ of his life, in spite of hb m%at age, he was occupied in 
carrying on a long and difficult experimental research on 
Radiation in the Metallu^cal Laboratory, and indeed it was 
on his way to that building to continue his reseanffi that he 
met his accident which ended fatally. 

He laid down rules for the managemrat of the workers in. 
the Laboratory which had to be most strictiy adhered to. The 
Labmatory was closed eariy in the evmung, and no one wn# 
allowed to enter it till the next morning, and no wmk wai ever 
permitted on Sundays. He was a very generous man, and lb 
objected to his accounts bong audited^ as he did not msh tibS; 
Undv^rnty to know how large a sum be soant out of lus owni 
pocdcet on the upkeep of LabOratoiy; Ifatty a risii^ 
chemist was omy enaUed to pursue his caren* owing to tib : 
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assistance the Prof»sor gave him. But no one knew 
ol tnc^ things. 

livdng was extraordinarily helpful to the poor; but he 
nevo* let his left hand learn what his right hand gave away. 
He took particular int^'est in the prisoners in the County JaU, 
vidting them weekly and helping them to regain their seH^ 
respect when they were set free. No better epitaph could be 
written of him than the lines Fitzgerald adapted from Crabbe : 

" Ftiend of the Poor — the Wretched — ^the Betrayed 
They caonot pay t h ee but thou shalt be paid.*' 

nr Jamss Machensie (B. MelMr WHmh. HJ).) 

Sm James Mackenzie, who died of angina pectoris on 
January 27 last, was one of those outstanding personalities 
who leave an indelible mark on the thought of the world. And, 
like most pioneers, he suffered from the fact that, to a great 
extent, his ideas were misunderstood. The very people who 
loudly acclaimed his discoveries were often the last to com- 
prehend their meaning. 

For this reason it is necessary to direct attention to the 
** last phase ” of his life rather than to the earlier periocb, 
to which full justice has already been done. Mackenzie was 
fortunate, from a worldly point of view, in making the discovery 
that a tambour placed over the carotid sheath in the neck 
affonls a tracing or graph in which a wave is shown corre- 
sponding to the reflux of blood occurring in the jugular vein 
udien the auricles contract, and in which, also, the arterial wave 
in the carotid vessel is displayed. This so-called venous 
pulse ” makes it possible to examine not only the general 
conditbn of cardiac activity, but abo the separate activities 
of the auricles and ventricles. Thus the discovery led to a 
li^erentiation of the various forms of arrhythmia, and directly 
or indirectly afforded ja new knowledm of the heart's action. 

The mraical world, apparently oelieving that Mackenzie 
had set out to make the mscovenes he actually achieved, at 
once hailed him as a great cardioli^t. His ink polyeraph, 
and l^or the dectro-cardiograph, were eagerly employed, 
and his condusions speedily venfied and accept^ A " new 
wdiool ol heart medicine " sprang into being, and it was gena> 
raify supposed that Madkensie would rest on his laurds. 

when, therefore, the " great cardiologist," established m 
a Iterative' Hailey Street practice, suddi^y closed Us tbors 
luid returned, of bis free dooice, to goinral practice there was 
widespread anttsentent. Had he not " risen " from geneial 
|Ca%ce to the " status " of a comultant ? Had he not made 
had opened up a new vista? And so oa. 
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What had poiMes^ed him, that he should *' ihnm it ali assay ** 
for the dull and “ inferior ” work of a ” G.P.’’ ? 

The people who spoke in this fashi(m~-and there were 
hundxeds of them—simply had no conception of the task which 
this great doctor had set himself. They did not know<-'they 
^d not tvta dream— that the discoveries made in connection 
with the heart seemed to the discoverer himself no more than 
“ pebbles picked up Jay the wayside.” At best they were 
illustrations of the rewards in store for any man who followed 
the same method. As an end in themselves they simply had 
no place in Mackenzie’s, mind. 

And that was the fundamental difference between the 
leader and his disciples — ^the difference so few of the disciples 
even recognised. They were e^er to call themselves ” heart 
specialists ” ; he disliked the titlcj and escaped from it at the 
first pc^ible opportunity. The title which he really coveted 
was that of ” physician — student of the science of medicine.” 

The words ” science of medicine ”fin his mouth, however, 
had a special meaning. Medicine, as he understood it, was a 
complete and separate branch of human activity. It was the 
X6yov of the living man ; not that of the chemistry of his tissues 
or the physical laws governing his relationship to his environ* 
ment. It was neither biol(^ nor patholc^ nor philology 
nor psychology, but something bigger, if less precise, than any 
of these. 

He had his first glimpse of this ” Science of Medicine ” by 
the bedside of his earliest patients in the Lancashire town in 
which he set up practice in the first instance. He recounts in 
one ^ his books how he .observed that a shock or injmy would 
cause one patient to faint, and another to grow red m the face, 
and more active in the body. Where one man suffered pain, 
another appeared to go scathless. 'These immense differences 
of behaviour mpped his interest. He asked himsdf Hie 
question : ” U^uU is ths basis, ths dsUrminif^ factor, c/ all the 
itmumcmblc symptoms which a human botfy can displ^? ** 

T^ question haunted his mind for nearly half a century, 
until the moment when his last seizure began, and meniw 
activity was finished for ever. He was seeking hr an answer 
to it when he discovered the venous pulse and the nature nf 
cardiac arrhythmia, he was stiU seeking for an answer wfim be 
sat down among the general practitioners of St, Andreui[8,^iBid 
bade thmn treat him merely as one of themsHves. 

It is impossible here to trace the histow of that 
quest. Ma^mizie encountered inHhohse <fimculty with mpg* 
nificent couragt so much so that some of the passages hi his 
vfHtings recall Defoe^ deseztoHohs of Robinson Chasoe, m 
isIandL Evwrythis^ he needed in Ins work had &ist jht; 
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«i!«ate4 by his own hands. There were no predecents. The 
conclusions he reached, however, must be set down, for much 
win be heard of them in days to come. 

He saw that the “ ssrmptoms of disease ” are merely an 
expression of the manner in which the bodv is reacting or 
res|>onding — not to disease (the common fallacy) — bttt to its 
environment. There is an immense and fundamental distinction 
here between the medicine of the schools and the medicine which 
the practitioner of Burnley evolved. An illustration must 
suffice. The pain of a sprained ankle is a symptom. Most 
of us would call it “ a s)anptom of a sprained ankle.” Mac- 
kenzie knew better : he called it a symptom of inadequate 
response to life. Thus, he looked beyond the ankle to the 
demands made by life on it, and to the methods by which 
these demands are normally met. When, one day, he noticed 
that a passing attack of influenza caused a recently sprained 
ankle to swell up and appear to be ” restrained ” he was not 
surprised — as most doctors would have been. Another factor 
was now interfering with the responses to life (the poison of 
the influenza) and hence the symptoms of inadequate response 
had been exaggerated. The ankle had not been ” restrained ” ; 
what had happened was that a further handicap had been 
imposed on its power to make complete responses. 

Recognition of this led him to see that all living tissue is 
in a continuous and perpetual state of reaction to a stream of 
stimuli which is never dammed up. We never escape from our 
environment or from the need of responding to it. Thus, the 
air of the room surrounding the sprained ankle stimulates it 
by virtue of heat or cold, wetness or dryness, movement of 
stagnation, etc. If each of these minute stimulations meets 
with its perfect response no symptoms will be observed. But 
if any response is altered or prevented ” symptoms,” e.g. pain, 
sense of heat, swelling, and so forth will show themselves. 

Twiamen are seated in the same warm room. One ” feels ” 
wdl: Ine other shivers. This symptom, shivering, indicate 
an aiteiwon in the normal response to warm air — not neces- 
ttSrily thewuse of that alteration. For the shivering man may 
be a conowned criminal awaiting the step of the hangman 
at the dom’VBf his cell, he may be a man in the cold stage of 
malluriB, or "gain he may be a patient, recently run over in 
the atteet, and now suffering from shock. > 

In truth, we do not react to disease at all. We react only 
Cp fife— ^ the stimuli which environment imposes. Disease 
may operate (o) by changing the nature or intensity of such 
•tsmuh, m* (^) by mndeting or altering otur responses. It em 
mtobe no responses cf Hs osm. The condemned mminal shivers 
'•bacanse intense and terrible stimuli are flowing along his nerves 
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to which full and ooii^lete«~and so comfcntable — ^readaossi Sfc 
impossible. Hie patient with malaria is suff»^g no inudi 
excessive stimulation ; lie shivers because the poison of thO 
disease is either exaggerating the excitability of his nervous 
system to such an extent tlmt even “ room tempmiture ** is 
as powerful a stimulant as a chill wind or is preventing a normal 
reaction. The patient with shodi, finally, cannot react by 
reason — ^perhaps-^f the previous exhaustion of his reacting 
mechanism. 

A quick pulse, tachycardia, may therefore be due to 
exaggeration of the normal stimuli of life, since it is an " ex> 
aggOrated response.” This can be brought about by the action 
oTpoisons on the nerves or by changes in the sense organs (for 
example, a slap on a raw skin surface exercbes a very different 
effect from a slap on a normal skin surface). Thus the cure 
must lie far from the heart itself. 

Mackenzie was working on these lines at the time of hb 
death. It does not need much imagination to perceive that 
they fOTeshadow ” a new medicine,” remote from the work of 
the dead-house or even the laboratory. 


Mom Ml Mm PobUo (B. B.) 

Naiurt of tbe i4tb Febmary la 


Natur0 of tbe lAtb Febmary last published an able obitoaiy of Dr. Oliver 
Heaviside (who «lied on the jrd Febraarj^ written by Dr. A. Russell, F.R.S., 
who says, He has probably saved the Govenaaeat of every lai^ civiliaed 
country in the world millions of pounds in the costs of their telephone 
s^emes.” Yet, we gather, he has been, for more than twenty years, the 
recipient of a Qvil Pmsion, These pensions are practically diaritable 


annuities of a few hundreds a year or less, given by this xidh but grateful 
country, alter a personal suit to a Prime Mimster, for servicea in sciraoe or 
art or oMier mean subjects. We infer, then, that for saving pillions of pounds 
to the tax-payers of the world, some of them, with noble and rate generoaity, 
gave Heaviside a few hundred or thousand pounds. 

We commented in our previous number (page 498) on the manner in whkh 
one of tire most in^ortant and brilliant discoveries ever made, that of the 
carriage of the plague badllns by tbe rat‘'flea, has been accepted by the world 
wbh little lhaohs and no reward for thoae who made it. One is amased 
both at tlb meanness itad at the folly of such ingratitude. I once heaid a 
phihmthropic peer exdaim about payments proposed for aaoMkcr disbeyefy, 
*' Kewavds I Rewards 1 It woidd cost the world untold millions to reimtd 
each an important disoovery adequately. It Is best tberefera to give the 
discoveter aotbing at all. but to essure him. of our respect” Perhiun ^ 
diseovmer woidd valuethe r«q>ect at ftamoney's worth. . AnoMMrpdinipMn 
•aid in the House of Commons on July 90, 1931, Mwt "me 
of apportkming merit lor even the greatest of discoveries is ofteu over- 
vdieitniag; monebuy revtards woidd lead to jeslousy instead of oo^opereMon 
among research wothers” (SctZKoPnoonaes, xgar.pagesSb). WhatehM* 
venient attitude for the Bxdwquert Ijwtly, the Rtyal 
Awards, to inventon exduded en medical ahosyew aom $m' ptembKcr 
aunrde beeim (R Usgued) docfon had idwaye iMennobto eimh|p ta 4bii^ 
pimiiewmielor noMm^f It Jpeayy tofind«aeakaelw«efiMlngta{i^ 
«hta, ' end 'the bsee ns i i of doing so ie swt epphrMt '4e '.owtsht 
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liqpriElsfelwde lor benefits received is also as foolish as it is base, because it 
mtomatically discourages benefactors; and possibly no more pemkioiis 
jndgntents than those mentioned above have ever been uttar^ in any 
eonntry pretending to be civiHsed. 


ttit fnpiofil Disoovarer 0BL B.) 

The history of Columbus is perhaps the type-history of all true discoverers 
in any line, and it may be worm while in this connection to remind the reader 
of it. Columbus was a poor native of Genoa, who had led a wandering 
maritime life until, at the age of about forty (according to the estimate ci 
his friend Bemaldes — that is, about 1475), he began to conceive the mad idea 
that if the world is spherical we might be able to reach Japan and China by 
sailing due west from Europe inst^ of by travelling east, as Marco Polo 
had m>ne two centuries previously. Until 1492 he vainly appealed to the 
able sovereigns of Portugal and of Spain for ships to enable him to make the 
attem|^ — his suggestion was scoffed at and finally rejected by two learned 
councus of scholastics. In that year, however, the noble Queen Isabella of 
Castile was converted by the eloquence of his friends, and he set forth with 
three crazy little ships, which were all that Spain would give him. The story 
of that voyage is perhaps the greatest tale in history ; and in seven and a half 
mcmthli he returned with the discovery of a New World. But on his return 
he suffered the usual experience of discovorers — Pinzon, the captain of one 
Of his caravels, had left him in the hope of reaching Spain before him and 
claiming the discovery for himself, and was foiled only by arriving too late. 
Cohimbiis repeated his explorations in a second and a third voyage ; but 
novelty had worn off for the fickle people of Spain, and on the third voyage 
he was sent home in chains by the infamous Bobadilla, who had superseded 
him in command owing to the machinations of his enemies at home. On 
his fourth voyage he was left marooned on an island for many months by 
Bobadilla's successor, Ovando, and then finally returned to Spain, where 
he died worn out and in poverty in 1506. Isabella had died previously, 
ai^ the compact which he had made with her and Ferdinand before his dis* 
qbvery was never carried out by riie latter, who, however, ordered a mohu- 
tfient to be erected to his memory I He was evidently a man of far greater 
^telhgence than those who surrounded him, and wois patient, devout, 
mmctilious, and good to a degree ; but he was always persecuted by jealous 
loris— especially by the scheming Fonseca, who, having been put in charge 
(rf ** Indmn affairs at home, was ccmstantly able to thwart him. 

liiitory shows that such is almost the common story of all those great 
hdvi^tiirers who add to human science by daring to cross uncharted oceans, 
as compared with the petty navigators who creep from cape to cape along 
^ the ibiStes of knowledge. Since then many a Columbus has enlarged the 
pq^tialiti^ of inankind ; but the intelligence of the masses remains in the 
''iatne condition to-day as that of the Spaniards who enchained him and who 
'HmrmA Cervantes, of the Greeks wm pohoned Socrates, the Jews who 
brn^ 4 fied Christ, and the Italians who persecuted Galileo. Men have leaitit 
netaSr but not yet either rile importance or the psychology d the 

true discoverer ; jmd the resirit is that true discovery remains fortmtone aiid 
Hive.' 

find Ovendo (B. B.) 

m riH lest two hnmbeisof 9awcn Pkooebss 1 have descried in aokne 
fiMnil my oeiii oonchisioiui^ lormed during many years^ regarding the bM 

in medkal scSenee. In this the 

Sfittes, and elsewfaere, eve imw beliif epent m the 
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Mtploynieat «t mmir enthusiMtie pnajuietcm lor tiw field ef edeaett 
dw diraetipn ol equally eudraaiastie geudemen few of wxmmb have tliMMid’M 
ever succeeded in inding any jor much (rf that pedous metal. . They me 'all 
doing their best, and it would be ehurtiah and, theridore, imyomble to 
eriti^ them or tiwir efforts in detail. But all this is an expenatve prooeduie, 
and is not the beat way to secure the best results. The only reu method, 
or at least the principal real method, is to encourage and employ l^wvery 
means In dur power the men who have already obtained the most notaMe 
resnltsInlHw past ; and thiajs just what the world is hot doing at present. 
In mefficiU Kaei, at least, it throws away its tried and proved prospectors 
and mosi^ enqdoys those whose principal qualification is their ambition. 
Columbus u supersMed by Bohadilla and Ovando, and p ro gress ceaaro. 

WeiflEaff an flia Theory of Bvohifloa dnoe Darwin 

Students of science who are not luologists mnst often be confused by the 
constant discnssions of evolution which now distract attention rather than 
.define truth, and they will, therefore, be duly grateful to Prof. L. W. MacBride, 
,1^.R.S., for bis very capable summary of present knowledge and theory, 
under the heading given above (Nature. January lo and 19, 1935, pages 53 and 
89). Incidentally, we note with some surprise, in view of the Imge number 
of biologists who have lived since the Ortgin of Species was pnblisbM in 1859, 
how very few of them are mentioned in this outline — only Darwin, Spencnr, 
Lamarck, Huxley, Bfeckel, Harokel, Weismann, Romanes, Goldschmidt, 
Ifendd, Correns, Johannsen, BaWm, Morgan, Jennings, Agar, De Vries, 
WiQts. ^ner, Cope, Drlesch, Hertwig, Kanunerer, Durkhen, Harriscm, 
McDougall, Tornier, and Jansen: that is twenty-eight luunes altogether. 
Donbtlm more names would be entered in a fuller treatment of the subject ; 
but in any case the paucity of effective workers on evolution compared with 
the vast totals of the entire human population over the same period supports 
mytbesis of thegreat rarity of reallyfruitfnlwork in science (SctSMCB Piureaaaa, 
O^ber 1934 and January 1925). Studies of the figures regarding almost 
any of the main branchea of scientific progress — such as the Calcnlus. Gravita- 
tion, Relativity, Parasitology — will ;^(dd similar results. . Obviously, 
effectiye adyances are almost aways made only by men who happen to tw 
specially eoiluwed by nature for the work, and must, therefore, be usually 
vwytate. 

n* tmm Hr In AhiM. 

The dinner given by the African Societyoo Jaauary38totheHoo.W. G. A. 
Ormsby-Gore, M.P., Under-Secretory of State for the Colonies, Major A. |. 
Church, D.S.O.. M.C., and Mr. F. C. Linfidd, the three members of the Ruf: 
African Plarliamentary Commission, is hiUy reported in our execReot new 
contemporary East Africa at Fehniary 5. Mr. Ormsby-Gore epofee 
for an boor on a series of interesting toptcs. Especially regarding tim 
tsetse fi.y he said, “ Between Tabors andlCwaasa we witnessed mie of the mosil 
dramatic thinpki our tour, the fight against ^tsetse, HatfTangairviimx* 
which is bigger than Nigeria, the biggest dependency under tiie Cohmial'Cliteti 
— ^half of tioat vastjrea is uadm' w is threatened by theiisetse. Icaanottoe 
modi emphasise tint fact. It spells death to cattle and horses snd th iE 
forms of animal tmmqxtrt, and deatii in a way to the native; lor. yFMtf 
from the deedng richness tririeh is carihid bfyutine Icmatsof tsetse, byr briiqjiaiK 
death to mritte, wlto which the whole «oei«lMji*aiaatlon of the Santdimoee 
is bound up. that social rirstem disiimMu«t ^ d|^ airih>at tike tsetse la A 
twmendowi tblof." Mujor ^nnh. ribo fidBowed, 
maeareh is joUt as etseCMU «• other setrititih* Thetie is eacraiuhlBt Wiai^ 
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ivtoci. Exoept for a lew p«rt« of the highbmde of Kenya, practically the 
li^iole oi East Africa is thmtenad with fly domination, which is spreading 
daily from ^e Sudan tp Southern Rhodesia. There is no bacldiig for those 
who are trying to combat it. They can only touch the fringe of the problem 
with their small funds. Sw3mnerton, near Shunyanga, gathered under 
Makwaya, a most enlightened chief, ten thousand natives, and said to 
them, * You are now waging a battle against a more insidious enemy tiian 
man. Bring out your men, women, and children ; we are going to earterminate 
this pest. It attacks and kills the cattle.' Where cattle die, the people 
leave. In one spot a population of 30,000 has decreased in four years to 
3,000 because of the loss of cattle. It is the vicious circle. We camiot allow 
&ese territories to be dominated by an insect; £200,000 at least ik needed 
to equip a first-class scientific expedition to go to East Africa to work on the 
spot, study the protdem, not to exterminate the fly within two years, but to 
lay the foundation of a campaign to exterminate the fly in five years. What 
Ronald Ross and Patrick Manson did in their sphere can be done against the 
tsetse. We want the best men the nation can produce." 


IheBoyil OdUege ol flurgeons of England (Udney 0. Lawrenoe» IL&.C.S«Bng.« 
Hon. See. of Soeiety of Members of B.0.8. Eng.) 

I WILLINGLY take the opportunilty ofifered me to record my impressions of the 
proceedings at the annual meeting of Fellows and Members at the College, 
Lincoln's Inn Fields, London, W.C., on Thursday, November 20, 1924. 

Thera was a good number of Fellows and Members present in the theatre 
— sixty-seven, to be exact — to receive the report of the Council for the year 
ending on July 31, 1924. Accompanying the President, Sir J. Bland- 
Sutton, were six other Fellows, members of the College Council : that is, 
seven attended out of twenty-four Councillors t This is not a good record, 
but tisis is the only meeting for which no fee is paid. Besides, a Councillor 
gets bored by hearing detailed annually the grievances of Members, which 
he does not vmh to remove or set right. 

On this occasion the annual report was not actually submitted to the meet- 
ing, although a few copies were found reposing on the benches. The President 
did not even (as he did in 1923) move that " it be taken as read." It has 
been customary for former Pr^denfo to spend twenty to thirty minutes 
sldmming through its pages, making (more or less) elucidatory comments, 
as he spM by. However, ^ John Bland-Sutton, after passing through 
an ordeal of questions, called on Dr. W, E. A. Worley, Hon. Sec. a£ the City 
Division of the to propose the following resolution, on behalf of the 

Society of Members : 

" Tbe,t this thirty-sixth annual meeting of Fellows and Members again 
afirms tlm desirability of admitting Members to direct representation upon 
theCouncitoftheCoU^ ; moreover, this meeting requests that the President 
shall hereupon tepty in detail to the two resolutions passed at the last annual 
meeting, and that he shall also state whether his Council has seriouely con- 
sidered S2ty means whatever whereby the collective views of Memtim of 
the'Colfoge may be ascertained on matters aflecting their interest as 
memoeri. 

this meoial request luul been some time before sent to the College bjr me, 
to Ron. at the Society. It wto laid before the Council on Novembw 
iig, a ireek before this annual meeting ; but no reply was returned. Roar* 
tovr, my note made fhe Council fully aware of what our demanda at the 
annnalmee^werefeingtobe. 

Our jMClunon ww earned with only one dissentient. 

The reply of toe Freaidenij Wto most disappointing. From a person with 
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jhif demoeimtic upbdngbif, tb6 SooMy had «i|fmted it iitotre 
ccmcSttEtaty Sir T. Blaad-Siitton ^ir^<nob«tt«r 

cratic (and autocratic) predecessoxa. 

The chief pofaitB of his reply were five in number : 

(r) That be had fsdled to notice the production of any fiew argiiilieiita» 

(2) That a somewhat similar resolutkm had been replied to by himseU 
last year (November 1923) and by several of his predecessors in yearn p^^ 
such replies haying been publish^ in each calendar of his Council, 

can be obt^ed from the Secretary of the College for ts., postage pd.) 

(3) That the Society of Uembers had always declined to dimlose the 
exact number of its adherents. 

(4) That, Judging from the small number of Members attending these 
annual meetings, there was either a lack of interest in the afiairs of the 
O^ege, or that Members had a great confidence in the management of College 
afiairs W the Council of Fellows. 

(5) That there appeared to him no need for reform, as to-day the College 
was in an excellent position, both numerically and financially. 

' JV.B. — As the Piesident’s speech in answer to the Society's resolution is 
never made until the end of the meeting, no immediate reply from his audience 
is permitted or possible ; so that for a twelve months at least his statements 
cannot be efiectnally refuted. They often could be, if opportunity were l^ven 
at the end of the annual meeting. 

However— by your Editor's indulgence and sense of fair play— 1 may 
iust append a few remarks of my own on the President's five points, or excuses 
for his obduracy. The numbers correspond with the previous ones. 

(r) Some new and convincing arguments were poduced by our orators, 
but' it is not their fault that Sir John failed to notice them. Indeed it is not 
itudly necessary to produce new evidence, until the old has been refuted or 
disproved. It never has / 

(2) The replies (so called) of Sir John and his predecessors have never 
been satisfactory, but ever evasive, or contemptuous, or both. No President 
yet has ever given a thorough and complete answer to the arguments of my 
Society's spokesmen. Indeed, in November 1923 Sir John ento^ the theatre 
with his reply ready written in bis hand — that is, before he had listened to ^ 
speeches o! our orators at all. 

(3) In my opinion, it would be a gross tactical error of a general to give 
the enemy’s general exact information as to the number and position of the 
forces oppos^ to him. However, I can assure the President that the 
number <rf our supporters (both Fellows and Uembers) is much greater than 
he, his Council, or the Secrets^ of the College, imagine it to be. IndeedrU 
s^ority of the Council itself is S3mipatfaetic with our views. 

(4) The number of the Membm attending the last annual meeting was 
more truly representative than that of the FeUows. Take the tothlnumbar 
of PeOows at X, 700 and that of Members at x6,ooo. Then each FUOtow present 
represented 340 absent surgeons, whilst each Member represented only about 
290. Thcsmore, if Menibm are slack In visiting their Cdlege cmee a year, 
the Ftfkrws are relatively worse ! I admit that there is ailgiiigit smny 
Members a depkmtde apathy about CoQege sBairs, but that is due to 4M 
long-continued neglect ci ttmi by the Conned. Neglect and apathy are 
interchangeable I 

N.fi. — I have j^fready noted that less than one-third of the Coundlloia, 
were present : seven oat of twunty-iour ! By a recent by-law, Cotm<dDofi 
are not counted in maldng a quorum. 

(5) The President himiself, in reply to Dr. Bedmond Roche, FresldentM 
our Society, gave figures shouing that, whiM $920tlHmiwem4S4studaii^ 
ki tdsa there were only 240 entmring for the Cwjoint 

That shimu a lad of inom than 
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f^uctka^in tiie ixvmber ti thone students leekuig tw diplom 
di K*R*C.S.£ng. in luture yests. 
tod Exchmoko Pauk Road, 

BounHSUOUTH. 

A PifsMt 

Uxss Hilda P. Hudson, O.B.E., Sc.D.. in an article on Mathematics and 
Eternity published in the MathemaHcal Gazette, of which we have reoeivad 
a reprint of unstated date (we cannot expect dates from mathematicians), 
writes the following interesting passage : 

" There is yet to be written a compa:^n volume to Mrs. Gatty*s PartMes 
from Nature, of parables from mathematics. The convergence of infinitesexies 
makes a regular Pilgrim's Progress. The whole series is a man's life, and the 
terms are just temis, or years, or any other periods. The first few tell you 
very little About him, he is still a child ; as the terms pass by, the law of the 
ser^ becomes apparent, and character is formed. Sooner or later he to 
lace the critical event of his career, to pass his convergency test, and accordixig 
to how he emerges from that, so is his iaie when, like all fiesh, he passes to 
the limit. For only three score and ten or so of the terms are ever actually 
written down, there is no escaping the great leap to infinity. And then, 
if he is convergent, he reaches the sum towards which Providence has all 
along been guiding him by a direct or oscillating course ; the remainder term, 
whkm is the amount by which he falls short of that perfection, his sin in fact, 
vanishes and is blotted out. But for the divergent fellow, who strays further 
and further away from any appointed goal, there is the piling im of the 
remainder, the fearful lookhig for the wrath to come, and no toaf resting- 
place. And, since the condition of convergence need not hold till after any 
finite number of terms, there is alwa)^ the possibility of a deadibed 
repentance." 

iailttiite of Plant Indurtry, Indore (A. Howard) 

A Nxw Research Institute for the improvement of crops, at which special 
attention wiU be paid to cotton and to the fundamental problems underlying 
^ the production of this crop in India, was formally inaugurAted at Indore 
in CMtral India on NovemlMr 24, 1924. The foundation of this new Institute 
has been rendered possible by the provision of a valuable site of 300 acres 
by the Indore Durbar, by a grant of 2 lakhs of rupees (about £15,000) loor 
capital expenditure by the Indian Central Cotton Committee, and by an 
annpal contribution of i2o,fioo rupees a year (a little more than £9,000) for 
current expenses in addition to the income derived from the land at t^ 
disposal of the Institute. This annual grant has been provided jointly by 
fibs Indian Central Cotton Committee and by seven ox the Central In^ 
States (mdcxe, Dhar, Jaora, Datia, RuHam, Dewas Senior Branch, Nat* 
iliytharh and Sitamau). The control of the Izistitute has been vested in 
a Governing Body (d six members with the Agmit to the GovemoivGeaeral 
In Central India as President. Thxee members of the Board of Obvemoia 
are hdniiziated by the Indian Central Cotton Committee, one Indore 
and two the rest of the contributing States. The Diractor of Um 
institute will act as Agricuttural Adviser to the States, and will in this way 
CMW int6 direct to^ theMalwa plateau, one of the most xnmmtant 
CcWite tracts in India. The expedmental area, which has been leased by tim 
Indore Dusbar to the Institute for ninety-nine years at a nominal rent of 
^ a year, embraces aU the typee of black cotton soil met with in India, axnl 
m ^eery iavourably eitaated sor tesearch work on crope. It is ekee to tJm 
m now rapidly growing in impmtance as a commercial, manu* 

and eduoatimial omitre, and to the cotton mills. 
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The maintenance of an up-to-date litany on cn^psoductioii and the 
training of post-fftadoate atudenta^ aeleoted by the Indian Central Cotton 
Committee, will be features of the Institute. Mr. Albert Howard, C.I.&. 
(formerly Imperial Economic Botanist at the Agricultural Research Institute, 
Pusa) has been appointed Director of the Institute and Agricultural Adviser to 
States in Central India, and Mrs. Howard (formerly Second Imperial Economic 
Botanist at Pusa) will be employed as Physiological Botanist at Indore. 

Au 9 ttahptih 9 eu 9 afriemtuB 

Remains of this important man-ape have recently been found at Taungs, 
eighty miles north of Kimberley in South Africa, and has been ably described 
^ Professor Raymond A. Dart, University of Witwatersrand, Johaimesburg. 
Ine discussion of the matter is not advanc^ far enough for us to deal with it 
in a quarterly publication, but an excellent statement by Professor Dart 
will be found in Natuf$ of February 7, with comments by others in later 
numbers. 

XotN and Hews 

The New Year honours list was short but unprecedented. Responsible 
Authority included in it a reasonable proportion of awards to scientific 
workers. Sir EmCst Rutherford and Sir James G. Frazer were appointed to 
the Order of Mirit ; knighthoods were conferred on Prof. John Adams, Pro- 
fessor of Education, University of London; Prof. Rowland H. Bifien, 
Professor of Agricultural Botany, Cambridge University ; Mr. William B. 
Hardy, Secretary of the Ro3ral ^iety; i^of. F. Gowland Hopkins, Pro- 
fessor of Biochemistry, University of Cambridge ; Principal J. C. Irvine. 
Principal and Vice-Chancellor of the University of St. Andrews ; Dr. T. M. 
Legge, Senior Medical Inspector of Factories ; Mr. E. W. Petter, President 
of the British Engineers' Association ; Dr. H. J. Waring, Vice-Chancellor of 
the University of London, 1922-4. Miss L. B. Aldrich-Blake, Dean of the 
London School of Medicine for Women, was appointed Dame of the Ordor 
of the British Empire. 

The list of candidates selected by the Council of the Royal Society for 
election to the Fellowship of the Sodety is as follows : Dr. W. R. G. Atkins, 
Head of the Department of General Physiology, Marine Biological Laboratory, 
Plymouth ; Dr. C. Lovatt Evans, Research Mologist, National Institute for 
M^^cal Research, Hampstead ; Mr. R. H. Fowler, University Lecturer in 
Mathematics, Cambridge ; Dr. F. A. Freeth, Director of Research, Messrs. 
Brunner, Mond & Co. ; Dr. W. Gibson, Assistant Director in charge of 
H.M. Geological Survey work in Scotland; Dr. H. Jeffreys, Secietary, 
G^physical Committee, Royal Astronomical Society; Dr. F. W. Jones, 
Promssor of Anatomy, University of Adelaide ; Dr. J. Kenner, Lecturer 
on Organic Chemistry, University of Sheffield ; Dr. E. Mellanby, Professor 
of Pharmacology, University of Sheffield ; Mr. J. A. Murray, Director, 
Imperial Cancer Research Fund ; Dr. J, Froudman, Professor of Applied 
Mathematics, University of Liverpool ; Mr. R. V. Southwell, Superintendent 
of the Aerod3mamics Department of the National Physical Laboratmry; 
Dr. L. J. Spencer, Assistant Keeper, Mineral Department, British Museum ; 
Dr. R. J. Tulyard, Biologist to the Cawthron Institute, Nelson, New Zealand ; 
Dr. R. Whiddmgton, Pkmessor of Physics, University of Leeds. 

Prof. C. Vernon Boys has been awarded the second Duddell Memodsl 
Medal hy the Council of the Physical Society of London. 

Prof. A. S. Eddington has been awarded the Bruce Medal of the Asttono^ 
mical Society of the Pacific for his distinguished service to astronomy. 

The Council of the Rdntgen Society has presented the Rdntgen Award 
for the session Z923--4 to Vx. L. H. Clark, of the Physios I^partmeat^ 
Middlesex Hospital* 
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The Swediih Academy of Sdances has postponed the award of the Nobel 
PHlsea lor physios and chemistxy for 1924. The prize for medicine has been 
given to P^f , W. £inthoven» of the University of Leyden. 

Ur* C. T. R. Wilson has been elected to the Jacksonian professorship of 
natural philosophy at Cambridge. 

The prize awards of the Paris Academy of Sciences announced on December 
32 last included the following : Poncelet prize for mathematics to Ernest 
Vessiot ; La Gaze prize for physics to Paul Langevin ; Lavoisier Medal to 
J. A. Le Bel for his work in chemistry. 

The following have been elected l^esidents of the several sections of the 
British Association to be held at Southampton from August 26 to September 
2 : A, Dr. G, C. Simpson ; B, Prof. C. H. Desch ; C (Geology), Dr. W. G. 
BMer ; D (Zoology), Mr. C. Tate Regan ; E (Geography), Mr. A. R. Hinks ; 
G (Engineering), Sir A. Denny : H (Anthropology), Dr. T. Ashby ; I (Physio- 
logy), Prof. A. V. Hill; K (Botany), Prof. J. Lloyd Williams ; M (Agriculture), 
Dr. J. B. Orr. 

Among the names of the scientific workers whose death has been announced 
during the past quarter were: Prof. J. Bergoni6, of Bordeaux, physical 
ph3r8iologist ; Sir Maurice Fitzmaurice, engineer ; Sir William Garstin, 
engineer; Prof. J. I. Hunter, anatomist; Dr. E. K6nig, photochemist; 
Mr. A. H. Savage Landor, explorer ; Dr. G. D. Liveing, chemist ; Mr. R. I. 
Lynch, botanist ; Sir James Mackenzie, heart speci^ist ; Sir Guilford L. 
Molesworth, engineer ; Abb^ Rousselot, phonetician ; Dr. J. F. W. Tatham, 
statistician ; Prof. E. Warburg, of Stuttgart, physicist ; Mr. J. A. Wheldon, 
botanist ; Mr. W. Whitaker, geologist. 

Leeds University marked the twenty-first year of its foundation and the 
jubilee of its parent, the Yorkshire College of lienee, by series of ceremonies 
extending over the whole of the third week in Decemb^. The outstanding 
events were the sermon preached by the Archbishop of York, Lord Balfour's 

r ch at the University diimer. Sir Michael Sadler's review of the history of 
University, and Sir Berkeley Moynihan's address dealing with surgical 
work in Leeds. The organisation of the various functions was most 
successful, and the representatives of the various universities, societies, 
and professional bodies who had been invited had a most interesting and 
enjoyable experience. 

The inaugural address delivered by Senatore Marconi to the Society of 
Arts dealt with the development of short-wave radio-telegraphy. Senatore 
Marconi commenced his systematic study of short-wave communication in 
19x6. Experiments over comparatively short distances m 1920-21 with a 
xoo-metre wave showed that, under favourable conditions, good reception 
was obtainable with very low power transmitters. Further tests between 
land stations and the yacht ElUtra in 1923 showed that very considerable 
distances could be covered and that the nature of the intervening ground 
does not materially afiect the range. In the spring and summer of 1924 the 
short-^wave station at Poldhu maintained successful communication with 
places as distant as Buenos Ayres and Sydney, using only 20 kilowatts, 
provided that the whole, or at least the greater part, of the track was in dark- 
ness, In August last a father series of tests were made from the Eltt^ra with 
two aims in ww : (a) to ascertain the advantage gained by using a reflector 
at the transmitting station, (fi) to find means of maintaining contact during 
daylight hours, M a result it was found that the reflector functioned in the 
manner indicated by previous calculations and that the^^nge increased very 
rapidly as the wave-length was reduced. In October transmission experi- 
ments were made on a 32-metre wave between Poldhu and a number of 
stations hi both northern and southern hemispheres, s.g. Montreal, Rio, and 
Sydney. Only xa kilowatts were used, and communicatioii^was maint^ed 
ttuoughout tlm whole 24 hours with the two first-named stations and to 
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a3^ out of the 24 hours with Syduw* In Deoezxiber stoilar sucoess was 
attained with stationa in India and South Africa. One notatde advantafe 
of short-wave transmission is its freedom from interference by atmosphnric 
disturbances. 

The most interesting feature of the Physical Society Exhibition held at 
the Imperial College last January was the demonstration of the De Forest 
phonohlm given by Mr. C. F. Ewell. In this process the sound record appears 
as a series of fine lines at the edge of the ordinary cinema film and w thus 
adapted for use with a standard projector. The original sounds are received 
by a microphone ; this controls the light given by a specially designed helium 
lamp which illuminates the edge of the undeveloped film through a fine sUt. 
On reproduction light passing through this edge falls on a thalofide screen, 
the electrical resistance of the thalofide varying with the intensity of its 
illumination. This variation of resistance produces a corresponding variation 
of the current which, after several stages of valve amplification, actuates 
a loud speaker. The reproduction is quite good and the process would seem 
to be sufficiently perfect for exhibition in the cinema hall. 

A pleasant feature of the exhibition was the marked change in the attitude 
of the demonstrators in charge of the exhibits ; courteous explanations were 
readily obtainable at all the stands which the writer visited. The unpleasant 
feature — a very minor one — was provided by the firm exhibiting a wireless 
set attached to a loud speaker made by another firm — the combination 
producing a loud noise from which neither can have gained any benefit. 

The second edition of Prof. H. A. Millikan’s book, entitled The Electron 
(University of Chicago Press, price I1.75), contains a very clear account 
of the phenomenon known as the Compton efiect. Accepting Einstein’s 
h3rpothesiB of light quanta, Compton supposes that when such a light* 
quantum meets a free electron the impact is governed by the usual laws of 
impact for materim bodies. Whence it immediately foUows (a) that after 
impact the quantum must have less energy than before and therefore a 

smaller frequency, and (6) that, since the mass of a quantum is com- 
parable with that of an electron, it can only give a small fraction of its energy 
to the electron, so that the complete transfer which does occur in photoelectric 
effects must represent interaction between light and bound elevens whose 
mass, from the point of view of the momentum equation, will jbe that of the 
atom to which they are attached. 

The change in &e wave-length of the scattered radiation indicated by (a) 
above was verified by Compton using the characteristic X-rays of molyb- 
denum for the incident radiation and graphite as the scatteriu substance. 
His results were verified by Ross using the same substances and by workers 
in Millikan's own laboratory with aluminium instead of graphite. Prol. 
Mitfikati has brought his book right up to date; in fact some m the references 
are as late as June 1924, while me preface is dated May 18. 

Evidence is accumulating that, in certain circumstances, helium may 
combine with mercury, iodine, and other elements to form stable helides. In 
a letter to Nature (December 13, 1924), J. J. Manley, writing from the Dau>- 
beny Laboratory, Oxford, describes formation of amarcury helide, in the 
presence of an el^tric glow discharge, which is stable at temperatures below 
a M^t red heat. In another letter to the same Journal (January 3, 1923^ 
E. H. Boomer, writing from the Cavendish Laboratory, describes tmite 
which he has obtained by mixing helium with the vapours of mercury, iodiiiei, 
sulphur, and phosj^oms at liquid air temperatures and exposing the mixture 
to electron bomb^dment. &Ud substances are formed whkm decompose 
at definite temperatures : for mercury and Iodine about ^ to^C. and for 
sulphur and phosphorus ^ 125^0. 

Ptof . A. A. M iohelson announced the leautts of his first measurements oH 
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liie vdodty of light with his new mparatus at one of the Ftanklin Institute 
Centena^ Celehtation meetings. Th^ work has been carried out at Mount 
Wilson^ the distant station bein|[ established twenty-two miles away on 
Mount San Antonio. The chief difference between the present experiments 
and those made by the same experimenter in ,i 880 lay in the use of an octagonal 
mirror which permits the use of higher speeds and makes it possible to reflect 
the light to the distant station from one face and receive it back again on 
another, thereby transferring the measurement of tlie angular deflection of 
the ray to the mirror whose angles were correct to one part in a million. 
The mean result came out as 299,820 kilometres per second in vacuo with an 
uncertainty of one part in ten thousand. It is proposed to repeat the work 
this year with an improved method for measuring the velocity of the mirror 
whereby the uncertainty should be reduced to a fourth or fifth of its present 
magnitude. 

The most interesting feature of the Ninth Annual Report of the Committee 
of the Privy Council for Scientific and Industrial Research (H.M. Stationery 
Office, Imperial House, Kingsway, W.C.2, price 35. net) is the account 
which it contains of the progress of the Industrial Research Associations. 
It will be recalled that these associations were granted certain annual pay- 
ments from the Coimcil for a period of five years from the date of their forma- 
tion. During the year covered by the Report nine associations have reached 
this five-year limit, and only in one case, that of the British Portland Cement 
Association, do the funds raised by the industry itself suffice for the continuance 
of effective research ; the other associations require further aid from the 
Million Fund. Accordingly, the Council has caused a thorough and expert 
examination of the work and administration of these associations to be 
made visiting committees. In all but one instance the reports of these 
committees have been favourable and further grants will be made, e.g, the 
British Scientific Instrument Association is offered ;^io,ooo a year for the next 
five years subject to the condition that the trade shall raise a total sum of 
£9,000 during this period. 

The exception is provided by the Glass Research Association, concerning 
which the Report states : 

** The visiting committee of the Glass Research Association, though 
appreciative of the improvement effected by the Association in the general 
ouBook of the indus^ and in its factory technique, were not so favourably 
impressed with the scientific results achieved. Moreover, the present financial 
position of the industry affords no prospect that the Anns w^ be prepared 
to subscribe funds sufficient to justify the continuance of a research association 
for thni trade. As a result we propose to consider what other steps should 
be taken to provide for glass research.*' 

It should be pointed out that this association appears to be the only one 
to have as Director a person without academic or professional qualification. 

We have received from Messrs. Ernest Benn Ltd. the two volumes of the 
magnificent work on Electrical Measuring Instruments written by Dr. C. V. 
Drjwale and Mr. A. C. Jolley, A.M.I.E.E. (price 555. net each volume). 
The first volume deals wi^ the general principles of design, the properties 
of electrical materials, and with commercial and indicatiEig instruments ; 
the second with supply metres, induction instruments, and A.C. instruments 
generally ; and, finally, with test-room equipment. The books represent an 
umnense amount of labour and research, and form a most weteome and 
notate contribution to our very scanty literature of scientific instruments. 
The 'diagranui are unusually clear, and the whole production one of which 
botiii the authors and publishers are entitled to feel very proud. We hope to 
reviW the two volumes at length in the next number of Scibwcb Pboobbss. 

The Halley Lecture last year was delivered by Prof. Joly, of Trinity 
Ccfllega, Dublin, who chose as his subject RadioacHvify and the Surface Hiskny 
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of the Ea/rtk. It is published by the CUureudoct Press, Oxford (price 4s, net)^ 
Alter a review ol the theory of isostasy, Prof: Joly considers ihe part redid* 
activity must have played in the past history of the earth's crust and its 
effect m future. The heat generated by the radioactive substances in the 
depths of the crust is not all escaping from the surface, but is being conserved 
so that the present conditions cannot maintain indefinitely. They must 
give way to a temporary change which permits of the discharge of the heat. 
The greatest of such changes which the earth has to our knowledge experienced 
formed the Archean era whipn at least two great sedimentary series of pre- 
Huronian Age were overwhelmed, their total thickness being not less tun 
twenty miles. The solidifying period of the substratum attending the last 
great terrestrial revolution appears to have persisted for at least five million 
years since the Pliocene period and may not yet be quite complete. During 
the preceding stages of this revolution a split across Africa formed the Great 
Rift Valley, and the great mountain ranges of our present age were formed — 
the Western Alps, the Himalayas, and the Rockies. A numb^ of other periods 
of partial continental flooding and limited diastrophism have occurred. 
Schuchert has, for example, defined eight in the North American Continent 
since the Archean. 

We have received from Mr. A. L. Curtis, of the Westmoor Laboratory, 
Chatteris, a booklet describing the various varieties of sand he is prepaxed to 
supply |or industrial purposes partly from his own quarries and partly from 
imported material. The list comprises no fewer than fifty different kinds 
and invites inquiries for other sj^cial sands not mentioned in the pamphlet, 
which is both novel and interesting. 

Among the recent publications from the Bureau of Standards, Washington, 
U.S.A., are the following : Circular No. too, Nickel and its Alloys, containing 
a comprehensive account of these substances in all their aspects and including 
some 1,300 references ; Circular No. xoi, The Physical Properties of Materials. 
I. Strengths and Related Properties of Metals and Wood, dealing with the 
tensile prox>erties, hardness, and thermal properties of these substances under 
all the conditions of treatment form and temperature likely to arise in 
practice ; Circular No. 154, National Standard Petroleum Oil Tables, con- 
taining taUes for reduction of observed specific gravities, etc., to those at 
60® F. ; and Scientific Paper No. 492, Formulas, Tables, and Curves for Com- 
puting the Mutual Inductance of Two Coaxial Circles, a paper whose contents 
are sufficiently indicated by its title. 

Perhaps by way of compensation to officialdom for the loss of its red tape, 
the Bureau has issued a specification for the Government Red Ink, with 
instructions for taking samples and comparing them with the standard, which 
consists of 5*5 gm. of crocein scarlet 3B, Schulte No. 227, dissolved in i,ooo c^c* 
of distilled water. 

The year's record of H.M. Patent Office gives a promising indication of 
better trade. Patent applications totalled over 30,000 during the past 
twelve months, and, alteiough this figure is 1,000 less than that for 1923, 
the latter period showed a decrease of over 3,000 as compared with 1922. 

Prof. D'Arcy Thompson, F.R.S., contributed an article to the Royal 
Society on January 22 regaxding the Thirteen Semi-regular Solids of Archie 
medes, and on their Development by the Transfonnarion of Certain Plane 
Configuratioxis. 

The abstract of the article states that : ** The thirteen isogonal non* 
isohedral solids, whose discovery is attributed to Archimedes, are shown to 
stand in close relation to the ten regular plane-repeating patterns or ' nets * 
first descxiibed by Kepler, whiQh consist of regular a^ identical sets pf 
congruent pol 3 rgons. If, in the table of indtces giving the number of trianglik 
squaxes, etc., found at each junction (or node), the order of an index he 
successively reduced, we pass accordingly from the plane polygonal assonir 
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to somt one, and then to another, and so on. of the indices which 
characterise the several polyhedra« .This transformation may be performed 
mechanically, by constructing a hinged not. removing (t.s. replacing by 
fenestras) the polygons of a certain order, and allowing those which remain 
to slide over and so overlap one another. Those latter are thus reduced in 
number, while the fenestra Incomes a polygon of lower order than before ; and 
the indefinitely extended plane sheet folds up into the corresponding poly* 
hedron. This process may be continued; and in this manner the whole 
thirteen Arcbiniedean bodies (besides three of the Platonic bodies) may be 
produced from the ten Keplerian repeating patterns/' 

The Zoological Society of London and the London School of Hygiene and 
Tropical Medicine have conjointly established a Fellowship of Comparative 
Pathology and an Aquarium Research Fellowship, both being full*time 
appointments. Drs. H. H. Scott and F. R. Stowell have been appointed to 
each post respectively. Much work has already been done on the diseases 
and parasites of animals which have died in the Zoological Gardens, especially 
by the late Dr. Plimmcr, F.R.S. 

The Oxford Forestry Memoirs, No. 3. 1924. contains an interesting study 
of the Water-mark Disease of the cricket-bat willow (Salix carulea) by 
W. R. D^, B.A.. B.Sc.. mycologist of the Imperial Forestry Institute. 
Oxford. The disease, which renders the wood useless, is judged to be due 
to Bacillus salicis, n.sp. ; and the author recommends for prevention the 
selection of less marshy soils, and more widely interspaced planting, with 
destruction of infected trees. 

The Ministry of A^culture and Fisheries publishes a Report on the Possi- 
bilities of Aerial Spotting of Fish, by A. C. Hardy, M.A. (Fishery Investigations, 
Scries II, Vol. VII, No, 3, 1924). The paper describes the results of five 
seaplane flights in the Southern North Sea and in the western channel ; but 
these results were not so promising as those of similar flights of French 
observers in the Bay of Biscay and off St. Malo some years ago. The condi- 
tions required for the detection of shoals of surface fish from aeroplanes are 
(i) a calm surface. (2) clear water, and (3) strong sunlight, and few cloud- 
shadows — all rather uncommon in British waters. 

" The South-Eastern Naturalist " (Proceedings and Transactions of the 
South-Eastern Union of Scientific Societies, London. 1924) contains many 
interesting articles — Sir Richard Gregory deals well with the subject A 
Science in Civilisation — we may admit the science, but scarcely the civilisa- 
tion. Dr. A. F. Tredgold contributes a very complete yet calm discussion of 
Evolution and Eugenics, and Mr, Ray Palmer. F.E.S.. F.Z.S.. some singu- 
larly interesting ** Observations on the Social life of Humble Bees."' It would 
be soxl^what difllcult to disprove the thesis that humble bees are to-day little 
less ** civilised " than men are. 

Dr. W. E. Haworth, late Acting Director of the Laboratory. Dar-es-Salaam. 
publishes a very complete study of Mosquitoes and Coconut Palms in the 
IVansacrions of the Ro3ral Society of Tropical Medicine, Vol. xvifl. No. 4. 
October 1924. Many s^ies of the insects, sometimes including if MpAsiss, 
were found breeding in the small quantities of water which often exist in the 
axils between the stems of the leaves and the stem of the palm, and elsewhere. 
Use author doubts whether rainfall or even dew are the only sources of this 
water ; and we may draw attention to similar difficulties occurring in regard 
to the water found in the node-cups of the common teasel, Dipsocus sylvestris, 
in th^ country, as discussed by Mr. Robert Paulson, F.L.S., F.R.M.S#4 In 
the number of The Southern Eastern Naturalist mentioned in the previous 
OChs. That mosquitoes often breed in rot-holes in trees and in the axils of 
wlU pine^pplee. sugar-canes, and elsewhere has long been known, and palms 
have Icum bew suspected, though probably never investigated so camutty 
Uetoe. wh^lEher the if fi^iiisiss-ontput of such breeding-places is of safiSdent 
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consequence compared with terrestrial breeding-places must depend upon 
local conditions. The same publication contains an article by 1. J. Kligler, 
Ph.D., B.Sc., on the Flight of Afiophol$$ Mosquiio$$, in Palestine. By the 
word flight is meant the lidixxs of dispersion from the breeding-centre, and the 
author does not appear to be well acquainted with the large previous literature 
of the subject, including mathematical studies of it. He hnds flights ** 
up to 5 kilometres, but thinks that 2*5 kilometres are sufficient for routine 
control in the areas dealt with by h^. Several villages were cleared of 
malaria by dealing with breedii^-pc^ls from i'5 to 2*1 kilometres distant. 

Prof. Sir Robert Philip, University of Edinburgh, is to be congratulated 
for his flne and complete address on the Effects of the Anti-Tuherculosis Cam* 
paigm at the International Union against Tuberculosis, Lausanne, August 
192^ {Edinburgh Medical Journal, September 1924). During the last fifty 
years there has been a steady decline in the tuberculosis-mortality in Scotland 
from 13,207 deaths in 1870 to 5,786 deaths in 1923, with similar diminution 
in England and the United States. This has been due to various ' * co-ordinated 
activities ” against the disease ; and, as he remarks, ** Reference to the 
statistics of countries where anti-tuberculosis organisation has been less 
adequate and less prolonged fails to reveal a similar disparity between the 
drop in the general death-rate and the drop in mortality from tuberculosis.'' 
He disproves several erroneous contentions, such that this drop is due to 
an advancing natural immunisation against the disease — since it has not 
occurred in countries where adequate measures have not been taken. Neither 
is the disease dependent on racial characters — because it is universal among 
all civilised races : thus Austro-Hungarians have a very large tuberculosis- 
mortality in Austria and Hungary, but a very low one in the United States. 
Victories against diseases are probably the greatest victories ever won by 
the human race ; and they have generally been due to medical and othqr 
scientific men, with little assistance from the public, from public funds, 
politicians, universities, or other institutions for the alleged advancement 
of science." 

Sir Arthur Schuster, F.R.S., is publishing some very interesting remi- 
niscences of eminent men of science — in Nature every week from January xo 
last. 

The cause of " dexterity " is carefully discussed by Beaufort Sims Parson 
in a well-written little book called Lefthandedness (Macmillan; New York, 
1924). After examining many theories, the author adopts the homolo^ of 
" one-eyedness " in sighting. There are forty-eight pages of bibliogra{my — 
somewhat too much for the subject. 

We have received the prospectus of an International Bibliography of the 
War suggested by Mr. Alex. J. Philip, M.B.E., F.L.A., Borough Librarian, 
Gravesend. It states that " a sinking fund of some ^^5,000 " for the scheme 
will be required, and asks for promises of subscriptions pending the appoint- 
ment of Trustees. We are told that the Bibliography is likely to comprise 
a million cards, which will cost per thousand, and that two hundred cards 
have already been completed, and material for nearly half a million is in 
hand. 

We have received the first number, dated October X924, of a new Indiisn 
Quarterly called Yoga Mimansa, edited by S'rimat Kuvalayananda, address 
Lonavla, Bombay. Apparently the periodical will be devoted to studying, 
" according to the modem scientific methods, the great Yogic culture of India 
in its different aspects." This first number is printed in English, and contains 
many good photographs of certain curious rdigious (or physical) exercises. 

ffir Archibald Garrod, Ref^us Professor of Medicine at Oxford, delivered 
the Harveian Oration at the Koytd Ofllege of Physidans of Londem last year 
on " The Debt of Science to Medicine," and mentioned many pohits of Interest 
in the history of science and medicine. 


ESSAY-REVIEWS 

VXB B&SSBITT VOSZTIOV OF BXOXMKIT ABtOBO TBB 
SOXISVCBS. By J. H. Woodger, being a Review of The Stnibr ot 
XMng Thiw* By £. S. Russell. [Pp. x + 139.) (London : Methuen 
6c Co, Price 55, net.) 

In the days when science and philosophy were alike young, when the data 
of the one and the systems of the other had not yet become so numerous as 
to be beyond the compass of a single mind, it was possible for science to supply 
data for philosophy and for the latter to guide the footsteps of science — 
pointing out new paths for it, and checking its conclusions in the light of a 
broader point of view. 

In the present stage of specialism not only has science developed an 
antagonism towards philosophy, but the several branches of science have 
themselves become so unwieldy that a stocktaking of the general achieve- 
ments even of a single branch becomes increasingly difficult, and a detached, 
unprejudiced view of the mutual relations of several branches, from the stand- 
pomt of an exponent of one, becomes almost impossible. 

Nevertheless inroads have been made from one science into another, 
leading to far-reaching conclusions being drawn concerning not only the 
mutual relations of these sciences, but also about the whole universe of being 
and the problems of philosophy generally. 

At the present day biology is in a unique position. On the one hand its 
subject-matter has been made the object of physical and chemical inquiry, 
and on the other the methods of psychology have been applied to living 
thinn in the attempt to study animal behaviour as an objective manifestation 
pfimnd. 

Of these two external influences the first has been much the more far- 
reaching in its effects — largely because it has been exerted over a very much 
longer period than the second. For of the natural sciences physics was the 
first to take definite shape and to gain prestige by its positive achievements, 
and has, in consequence, served as a pattern for the younger branches. 

The infiuence of the physical sciences on biology throughout its history is 
easily discernible. The cleavage of biology hito its physiological and 
motphological branches has no doubt largely been responsible for the intro^ 
ducrion of physical notions. Physiology has been purely analytical. It 
has been compelled to consider each organ separately, and has been so en- 
grossed in its task that the organism as a whole has been Iqst sight of, and, in 
consequence, the very existence of a relation between the organism as a whole 
and the environment has easily been forgotten. To the physiologist 
environment is nothing more than a place between which and the organism 
e;schanges of energy and material take place. This piecemeal treatment 
of the organism has lent itself very readily to investigation by physical ami 
chemical methods, and to interpretation in terms of physical concepts. 

When we turn to the course followed by the mcsrimological branches, 

find that the point of view is essentially the same. They have accepted 
the ocmCtusions m physiology and have treated form statically and geometric- 
eaUy. WHhlew eameptions adaptation has bten regarded more as presenting 
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pitfalls for the unwary morpholo|^t in the Aearch for homologies than as 
constituting a fundamental biological problem in itself. 

The study of the relation between the organism and the environment^ 
and between one generation and the next, which received a special impetus 
with the coming of the doctrine of evolution, was naturally conducted on 
foundation physiology and morphology had laid. Weismann's corpusodar 
theory of heredity had its birth in consequence, and the selection hypothesis 
'itself accounted for adaptation in a purely mechanical way. And these 
explanations were accepted. 

There have not been wanting, however, those to whom the organism has 
presented activities and aspects which were not to be explained away sdong 
these lines. Present-day biology has witnessed the rise of the experimental 
study of three problems: those raised by (i) the process of individual 
morphogenesis {entwicklungsmechanic ) ; (2) the phenomena of regeneration ; 
and (3) animal behaviour. These thr^ problems (which are beyond the scope 
of traditional physiology, and are not even mentioned in physiological boolm) 
have all tended to focus attention on aspects of living things which have 
previously received scant recognition, and have raised difficulties in the way 
of the generalisations which satisfied the older physiology and morphology. 
All three deal clearly with the behaviour of the organism as a whole, but the 
term ** behaviour has not quite the same meaning in each case. In the 
investigation of animal behaviour we are dealing with the activities of the 
fully formed organism towards the outside world, but in the first and second 
cases we have to do with the behaviour of the organism when it is concerned, 
as it were, with itself, that is to say with the process of reaching the necessary 
functional equipment to enable it to deal adequately with its surroundings. 

Up to the present these investigations have chiefly been conducted by 
different workers approaching these problems from dafierent angles, in 
isolation, and without much regard for each other's conclusions, or for their 
bearings on traditional conceptions. For while experimental eml^ology 
has absorbed the attention of a considerable proportion of modem biologi^, 
the study of animal behaviour has been curiously neglected. In the past 
it has been relegated to those spider-hunters and hay-naturalists ** of 
whom Huxley spoke so contemptuously. With one or two well-known 
exceptions its scientific investigation has been left to those psychologists 
who have been led by the doctrine of evolution to seek in animals some fore- 
shadowing of the human mental processes which had previously been their 
sole concern. Their approach has, consequently, been from a tot^ly different 
i^le from that of the biologist, and this invasion of psychology has so far had 
littie or no influence on biological thought, nor have these results been 
correlated with those reached by the students of ontogenetic and regenerative 
behaviour. 

While it is useless to speculate about the probable influence this new 
incursion into biology will have, it is desirable to consider what it implies ai^ 
how it conflicts with the fundamental conceptions reached under the mfluenoe 
of the far older and better established physical sciences. 

It is the special characteristic of. the physical sciences that they need 
take no account of the fact of the objects of their investigations being knotm ; 
consequently for them the fnndamental antithesis betwemx the knowing 
mind and the object known need never arise. None the less the existsuee 
of this antithesis is tacitly acknowledged in the very terms used to name 
the several branches of physics, light, sound, etc., for these are purely sub- 
jective manifestations, and physim is concerned not with them but with 
the physical motions which are their usual antecedents. Possibly, In the 
light of the most recent physical conceptions, framed in acoordanee with 
the doctrine of relativity, the above statement would have to be stin more 
modified, but for our present purpbee no siu^ recent (fovelopmenbi need tuS 
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opiitidttred, fat it is not modem physics from which biology has borrowed 
its methods and fnndamental conceptions^ but the physics of some forty or 
fifty years ago. 

When we turn to psychology, we see that it is concerned with the other 
side of this antithesis, with the knowing mind. But it studies the mind not 
only as knowing objects, but also as feeling and striving in regard to them^ 
and environment has, therefore, a meaning for it which is not to be found 
in traditional biology. 

In view of these considerations it seems clear that the influence of psy* 
chology on biology will be very different from that exerted by the physical 
sciences. The consequence of the importation of physical and chemical 
concepts into biology has been the widespread adoption of the assumption 
that living organisms are nothing more than vastly complicated colloidal 
aggregates of carbon-containing molecules, and the hope of being able to 
describe all the phenomena of life in terms of the interchanges taking place 
between these aggregates and the less complicated ones occurring in the 
inorganic environment has frequently been expressed by eminent physi- 
ologists with ail the assurance of unquestioned conviction. 

To the physiologist with his analytical procedure no difficulties have 
arisen to obscure this hope, in spite of the fact that so far no single vital process 
has been satisfactorily explained in this way. We are told that it is only a 
matter of time, that this is in consequence of the complexity of the processes 
and not due to any fundamental difference in their nature from physical ones. 
But to the biologist who is confronted with the refractory phenomena pre- 
sented by morphogenesis, regeneration, and behaviour in the narrower sense^ 
there are two courses open : either to break away entirely from the mechanistic 
tradition and its assumptions, or to And some means of avoiding the new 
difficulties, and of explaining them away on a mechanistic basis. The latter 
course is followed by the various corpuscular theories of heredity and develop- 
ment, by the neurological attitude towards mental processes, and, among 
psychologists themselves, by the behaviourist ** school. All these attempts 
agree in their utter failure not merely to explain, but even to take account of, 
the very difficulties that modem biology is confronted with, and they tend, 
therefore, to divert attention from them. All agree, moreover, in resting in 
thelong run on the assumptions of philosophical materialism, and philosophical 
materialism can offer no explanation of that persistent striving after ends, 
which especially characterises the behaviour of the organism as a whole. 

An attempt has recently been made by Dr. £. S. Russell to show how 
pyschological concepts can be utilised to form a new starting-point from which 
to regard vital phenomena. For the study of behaviour especially forces upon 
our attention those characteristics of life which escape elucidation by the 
concepts of current physiology and suggests a means whereby psychological 
concepts can be introduced which may also make it possible to bring into 
line those difficulties met with in the study of developmental and regenerative 
processes, for these difficulties seem to arise from the same characteristic 
vital properties that present themselves in the study of behaviour. 

The obstacle to this attempt is that arising from the question of 
twninology. We are in the position of the early comparative anatomists 
when, for example, they applied the nomenclature of the human brain to that 
of the fish. This difficulty is particularly great when terms which have long 
been used in describing attributes of the fully developed human mind are 
applied to what seem to be theirphylogenetic precursorsin the lovrer organisms^ 
m they imply qualities in those precursors which we have no reason to believe 
them to posseu, and a loop-hole is thus offered to the criticisms of those who 
wish to maintain the mechanistic interpretation of behaviour. 

The characteristic of vital activity which most strikingly distinguishes 
it from the processes ot the inorganic world, which is most manifest in bs- 
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limviour, but which can also, Dr, Rmsell beliovas, be recognised in develop- 
mental processes, is that persistent striving alter ends in accordance 
with deep-seated impulses. In conscious human life these have long been 
^dled conative impulses. For their manifestations in the lower organisms 
Dr. Russell, foUoii^g Professor Nunn, uses the term hotnUc impulses. 
In human mental life, again, these impulses are guided and brought into 
proper relation with enviroxunental events through perception. In the 
lower animals, even among the Protozoa, there is reason for believing that 
the influence of the environment is not normally dir$ci, as it must be on the 
mechanistic view, but indirect. The organism under natural conditions 
responds not to stimuli but to the whole situation presented to it, so far as it is 
relevant to the hormic impulse which is dominant at the moment. For this 
activity which intervenes between the stimulus and response Dr. Russell 
uses the term r$cepHon proposed by Professor James Ward. 

Of responses themselves Dr. Russell distinguishes those manifested in 
developmental and regenerative phenomena as morphaplasiic responses from 
those seen in behaviour in the narrower sense, whi^ he calls behaviour 
responses. These two principal classes of essentially vital phenomena are 
thus brought under the general conception of responses. 

The same characteristics which are found in responses of the whole are 
also seen in the activities of the parts, but are, in this case, much more 
*' mechanised and subordinated to the activities of the whole. For these 
part responses Dr. Russell reserves the term functions. 

Finally, the functions are themselves dependent upon the material or 
* enabling conditions through which they are manifested. There is thus a 
** hierarchy of action*' — responses, functions, material conditions. The 
fimt and second embrace the sphere of biology, the third alone admits of 
physical and chemical investigation. Dr. Russell contends that responses 
can never be completely described in terms of functions, nor functions in 
terms of their chemical and ph3r8ical enabling conditions, but rather that we 
should B^ek to interpret responses in terms of the fundamental hormic im- 
pulses of self-maintenance, development, and reproduction, and to show 
how the functions are co-ordinated to serve these ends. The rdjie of physics 
and chemistry is the useful but limited one of investigating the limiting and 
enabling conditions of those functions. 

Present-day biology is thus offered an alternative to the consequences of 
philosophical materialism, namely, to approach its problems 'from a new 
standpoint, studying vital activity as an activity sui generis, without bias 
concerning its reducibility to physico-chemical processes, but employing 
provisionally the psychological concepts outlined atove, recognising that fnere 
are no grounds save purely speculative ones for accepting the ** ultimates 
of physical science as necessary its own also. 

We might then divide the natural sciences into : (z) physical,, and (a) 
psychical, the latter being further divided into biology and psychok)^, 
Btology itself would be f uz^er divisible into : 

(z) The study of organ and cell responses (Dr. Russell's functions), whidi 
wotild include physiology alter bio-physics and bio-chemistry have been 
removed from it, since these are not biology but brandies of phyiios and 
chexnistry. 

(2) The study of responses of the organism as a whole, which would itsdf 
have two subdi^ions : 

(а) The study of znorphoplastic respohses, including the lunctioital 
study of ontogeny and regeneration, and 

( б ) The study of behaviour respcmses, which merges into psychology. 
Dr. Rumll claims that his ** funcuonal biology," lor which tibe uttittiifee 

concept is " not znatter but activity," will avoid the difQculty of the inter- 
action of ndnd upon matter, but it is diffieult to undemtand his poeitlM at 
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point. For if we recoipiae the antithesis between the knowing, per- 
ceiving, or ** receiving indmdual and the objects of its perceptions tlw 
difficmty must arise. The question must ultimately be asked : What is the 
rdation between the fundamental hormic impulses or " Trieben and the 
material conditions '' through which they are manifested ? It seems that 
we are forced to some such form of dualism if we reject the monistic materialism 
on the one hand and some form of idealism as that which Dr. Haldane appears 
to adopt on the other. Dr. Russell definitely rejects the former alternative 
and makes no explicit pronouncement about idealism. The best answer 
to the objections brought against interactionism appears to be that of 
Lotze — that we know too little of the action of one thing upon another to 
feel any surprise that we cannot conceive of the action of mind upon body. 
This problem, however, is one for philosophy, not for science, although the 
humcm mind does not rest easily on a purely agnostic position, and a science 
without a metaphysical foundation is impossible, as is abundantly illustrated 
by the existing theories. 

Whatever view we finally adopt, we cannot escape the contrast between 
the thing perceived and the perceiving subject, and the recognition of this 
fact will perhaps j^int the way towards a means of escape from the short- 
comings and limitations of the purely materialistic point of view. Dr. 
KusseU's book will do a good service in drawing attention to these things, 
especially as it comes at a time when many are becoming impatient with 
prevailing views, and are beginning to realise that such views have held 
undisput^ sway too long for the healthy and vigorous growth of biological 
science. 

TSS SVV AVB TSfi WSATSSB, by £. V. Kbwnham, B.Sc., 
Meteorological Ofi&ce, London, being a review of World Wsalher^ by 
H. H. Clayton . (^. 393 + xx, with xv plates and 265 figures.] (New 

York : The Macmillan Co., 1923. Price 185. net.) 

It is generally admitted that both climate and weather are intimately related 
to efiects of solar radiation upon the earth and its enveloping atmosphere, 
but that the connection is an exceedingly complicated one ; the problem 
presented by the general circulation of terrestrial winds, the distribution of 
atmospheric pressure, temperature, pressure, etc., over the whole globe, is 
a problem in applied physics simply, but one of extraordinary complexity. 

Until recently, although the supreme importance of the sun has not been 
overlooked, it has been customary to regard the stream of solar radiation 
as constant for all practical purposes. The physicists who first attacked the 
problem of measuring the intensity of this stream accordingly used the 
expression solar constant '' for the total number of calories of heat received 
on t square centimetre of the earth’s surface per minute when such a surface 
Is norwad to the sun’s rays and when allowance has been made for the amount 
of ' heat absorbed or scattered by the atmosphere. Langley, however, wilh 
the aid of his ” bolometer,” showed that the ” solar constant ” is not re^y 
constant, and Abbot and others have developed Langley’s methods and 
obtained a long series of measurements of the irregular fluctuations of the 
solar radiation. American meteorologists have devoted some attention hi 
recent years to the question of the efiect of such fluctuations upon terrestrial 
weather, and the author of the book under discussion, in particular, has 
devoted much time to this subject. An all too brief account of his re- 
searches appears in the book under review, and under the title of ” The 
Sun and &e Weather,’* constitutes the tenth chapter of World Wraikor. 
It is the purpose of this essay to test the validity of the conclusions reached 
after a more careful consideration of the imrious connections that can appear 



680 SCIENCE PRCX^^RESS 

that successive observations of any one of the variables are positively covre- 
lated — as is the case generally with meteorological observations and wpa* 
rently with observations of the solar radiation, when these are nvade at 
intervals of less than about a week. The great importance of knowing 
whether one can draw any conclusions as to fu&re weather from observations 
of the solar radiation is taken to justify such an inquiry. 

Clayton employs the method of correlation, and uses the formulas that 
have been worked out by mathematical statisticians for determining the 
magnitude of the errors that can arise in correlation coe£6icients, means, etc., 
from errors of observation and paucity of observations. Unfortunately, 
as has already been hinted, there is in meteorological work a source of error 
in the application of these formulas, which was pointed out by W. H. Dines 
some years ago. Its exact nature can be illustrated by a practical example 
of a determination of a mean. Suppose we require to know the mean tern** 
perature for a given month at a place where the climate is not changing in a 
systematic way, in other words, where the mean temperature in that month 
may be very different in different years but does not tend to increase or 
decrease on the average with the lapse of centuries. Suppose, further, that in 
the long run there is no appreciable difference between the mean temperature 
for the middle day of the month and the mean for the whole month. The 
mean might be determined by averaging the means for each day of a month 
for one particular year (being, therefore, the mean of 31 individual means if 
there are 31 days in the month) or it might be determined by averaging the 
mean temperatures for the middle day of the month for 31 different years. 
Kow in the latter case experiment would show that the mean so obtained 
would * on the average ' differ from the true mean by the amount which the 
statistical formula for the error in a mean due to paucity of observations 
would indicate. In the case of the 31 successive daily means, however, 
far larger errors would occur. This is so because the mean temperature of 
one day is not independent of the mean for the next day and the 31 observa- 
tions are statistically equivalent to a much smaller number of well-spaced 
independent ** observations. This principle has been overlooked by 
Clayton, and in consequence many of the relationships claimed cannot hb 
accented unless they are confirmed by a far greater number of observations. 
I will return to this subject after considering the question of the accuracy of 
the actual values of the solar radiation. 

Clayton admits that the process of correcting for absorption and scattering 
of the radiation by the atmosphere is a difficult and uncertain one. It is 
no doubt because of the large errors arising in this process that a correlation 
of only -f 0*49 was found for simultaneous observations cd the solar radiation 
made at Mount Wilson (California), and Calama (Chile). It is quite possible 
that some condition of ^e upper atmosphere may cause errors in the correc- 
tions for scattering, etc., which tend to cause the estimated radiation at the 
two places to be both above or both below the true value on a particular 
day, these errors being in addition to the ordincury " casual ** errors of correc- 
tion ; but even if this is not the case the coe£&cient indicates a high degree 
of uncertainty. The extent of this uncertainty can be gauged from the fact 
that there is a correlation greater than 0*49 (actually between 0*3 and o«6), 
between readings of the barometer made two days apart in England, yet it 
is considered important that readings of the barometer for the constructfou 
of synoptic charts should be made within ten minutes of the correct time. 
It appears safe to conclude that no close connection can be established 
between daily estimates of the solar radiation liable to such uncertainty and 
daily changes in the weather. Similarly with rather longer periods, for oven 
when five-day means of radiation are correlated for the two places the 
correlation coef^ient is only -f 0*63, 

The connectiona found between the solar radiation and vadoai 
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meteorological elements may now be considered. On page sao a series of 
ctixves are given, showing hve*day means of the solar radiation and five-day 
nleana of temperature in various parts of the world for a period of about 
ten v^seks. Now it is important to notice that when five-day means are 
employed the number of observations is from the statistical point of view 

only cm 14, even if these means can be regarded as "independent" 

in the statistical sense, and it is quite certain that they cannot be regarded as 
independent, for the actual curve of solar radiation shows that when the 
radiation is high on one five-day mean it is generally high on the next, and 
vice versa. It is well known that, unless two variables are very highly 
correlated, correlation coefficients baised on less than 14 observations cannot 
be accepted, owing to the high " probable error " due to paucity of observa- 
tions. In this case the actual coefficients are just such as would be expected 
assuming that there is no genuine connection, i.e, they are small, rarely 
exceeding ^ 0*5, and they are sometimes 4* and sometimes — , i.e. some- 
times " direct " and sometimes " inverted,** and sometimes, in the author's 
words, " partly inverted and partly direct,” i.e. nearly zero. Similar 
reasoning can be applied to the other investigations of temperature given 
in succeeding pages, and the argument gathers force when ten-day means 
are used instead of five-day means. 

It is not suggested that there is in reality no connection between variations 
of the incoming stream of radiation and variations of temperature from the 
normal for the season, but it appears that such a connection could only be 
established with the aid of a much longer series of observations or by deter- 
minations of the solar radiation of a much higher degree of accuracy. 

Clayton goes on to consider pressure and rainfall, but does not always 
give sufficient information about the number of observations to make it 
possible to estimate exactly the reliability of the relationships claimed ; it 
seems clear, however, that in general the paucity of " independent " 
observations makes it difficult if not impossible to regard the vague and 
imperfect relationships as being of any significance. 

After all that has been said on the subject of the uncertainty of the 
determination of the solar radiation, it may be of interest to quote one or two 
of the statements made in a summary of the results claimed to have been 
obtained from these very inexact determinations. On page 264 it is stated 
that " every increase of solar radiation lowers the pressure within the tropica 
and increases the pressure in latitudes 40® to 60®, whetlier the increase of 
solar radiation be for a few days, for months, for years, or for long periods 
as in the sunspot period." On page 267 it is further stated that changes in 
the solar radiation alter the intensity of the weather anomalies associated 
with the " centres of action " in the atmosphere and shifts those centres 
north or south of their mean position and that " there is a lag in the solar 
effect near the centres of action proportional to the duration of the solar 
change. If the duration of an increased solar radiation is no greater than a 
day the lag at the centres of action is only a few hours, if the high or low 
radiation continues for several days the lag may amount to two or three 
days, if the period is near the len^h of a year the lag is nearly a month, 
while if the period of change is eleven years the lag may amount to many 
months or to a year," etc., and again " from the centres of action a aeries 
of waves move outward, in general passing from higher to lower latitudes, or 
in other words moving from pole towards equator with a velocity inversely 
proportional to the interval of time between the maxima at any given place, 
etc." 

Were it possible to substantiate conclusions of this kind a vmy important 
advance wbuld be made in meteorology. The attempt might well have 
been set out in a work devoted exclusively to the task, instead of in one 
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diapter of a general meteorological work. Judging from the very abbreviated 
account given it seems evident that most of these statements are Itttle more 
than guess-work, and one cannot even be sure that relationship of any kind 
whatever has been established between the intensity of the radiation received 
from the sun and the weather of any region of the world. The suggestion 
may be made that concentration upon portions of the subject might give 
useful results, in particular the determination of the probable error of an 
estimate of the solar radiation and the computation from this of the masdimum 
correlation that can possibly be expected between apparent variations of the 
radiation and difterent meteorological elements. The way might then be 
opened to definite advances in meteorology. 

TO BS, OB VOT TO BB. By R. R., being a review of Tantalus* or The 

Future ol Ham By F. C. S. Scrxllbr, M.A., D.Sc. [Pp. 72.] (London : 

Kegan Paul, Trench, Trubner Sc Co., 1924. Price 25. 6 d, net.) 

In July last year we reviewed Dadalus, or Science and the Future, by J. B. 
Haldane, and Icarus, or The Future of Science, by Bertrand Russell. These 
small books were each worth many modem novels ; and the new member 
of the family is not inferior to them. Let us hope for yet another called, 
let us say, Hercules, or The Man of the Future — or, at least, Sisyphus (who 
chained Death) ; or Ixion (who aspired to the Queen of Heaven) ; or — ^sinco 
it is time for an optimist to be heard — why not even Apollo or Zeus himself — 
all with the same sub-title ? 

Daedalus was neither optimistic nor pessimistic, but merely presented 
speculations regarding future applications of biology, such as artificial ges- 
tation. They were rather improbable and not very lofty speculations ; and 
his final picture of the scientific worker of the future singing his ** song 
of deicides,"' while — 

'' All through his silent veins flow free 
Hunger and thirst and venery," 

struck us as being a very poor type, common enough even to-day, seldom 
achieving anything, and frequently ending with " general pai^ysis - 
certainly not a type high enough to work for as an ideal. On the oth^ hand, 
Icarus was definitely, but wittily pessimistic, especially in his concluding 
chapters and in his dread of war — ^though war is not nearly so great an evu 
as others, such as disease or destitution. 

The new arrival on Parnassus disclaims pessimism because his book, 
he 8a3r8, makes it very plain that the evils which threaten mankind are in 
no case unavoidable.'* But this is cold comfort, because we expect the future 
not only to banish evils but to augment benefits — exau^tly in tne spirit of his 
motto ** Man never is, but alwa3r8 to be, blest." In his overture he visits 
the tomb of Tantalus, " which had just been discovered in Phryg^ by the 
archaeologists of the British School at Athens," and has an interesting mter* 
view with that king — who was engaged in trying to pluck the fruits ol a tree 
that was fenced ofl from him by an impenetrable hedge of old bones of inferior 
animals, evidently relics of the past. 

The moral is that Tantalus j^umanity) cannot reach perfection because 
of his own evolutionary past. But here the optimist will at once reply tket 
Tantalus has at least progressed very far and may, therefore, expect with 
some reason to progress still farther. To this the author replies that " Man 
has ceased to be a progessive species long ago*" and that " the Cro-Magnon 
people of the Anrignacian age . . . seem to have been very definitely the 
finest.,xace of human beings that has ever existed." Is there any certahity 
orevenUkeliboodofallthis ? To obtain statistical certitude of the superiority 
of any strain in any one particular quaUty we must measure and comiMUfe a Issgi 
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number of rimiUtr samples of Ibat strain and of the other strains. The bones 
of Znltts» Sikhs, or Scotsmen of to-day would be ver^ much larger than those 
of Bushmen : what conclusion will the archaeologist of a thousand years 
hence be able to draw from this fact ? The small Japanese appear to be as 
capable as the large Muscovites, if not more so. Probably also the Cro- 
Magnon relics have been mostly those of chieftains.* The author thinks 
that we may have improved in such minor noiatters as resistance to the 
microbes of the many diseases which flourish among dense populations under 
slum conditions ; but that “ against that probability have to be set such 
certainties as that our toes and many of our muscles are being atrophied 
and that we are getting more liable to caries and baldness.*' Certainties, 
quotha t — I should describe all this as unproven and indeed unlikely con- 
jecture ; but Tantalus then proceeds to say that ** this remarkable fact of 
the arrest of his biological development is certainly the greatest mysterv 
in the history of Man.** The word ** fact ** has been italici^ by me as it Is 
here a striking example of sit ergo est It fkay he that the Cro-Magnon race 
was superior to ours and it may he that our toes, muscles, teeth, and hair are 
degenerating: therefore, quite certainly, man's biological development has 
been arrested i Two conjectures make one proof. But those who have 
had much experience of many races will question even the conjectures. 

In the place of eugenics as commonly proposed, we might try Frederick 
the Great's method for the creation of Pomeranian Grens^iers, that is the 
matching and mating of particularly flne specimens, or wise specimens, or good 
specimens of humanity. A millionaire might be persuaded to endow a * * garden 
city " in porpetm for this purpose ; and we might there try to breed various 
strains of men as we now bre^ strains of horses and dogs. One might write 
a romance on the subject, but I fear that the different bmeds would soon take 
to quarrelling. 

Our thanlm are due to Dr. Schiller for his wise and witty book. No one 
will agree, and no one will disagree, with all of it. 

* Keith says that " the stature of the Cro-Magnon people has been exag- 
gerated " {The Antiquity of Man, 1925, p. 97). 
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Ii’Aaaljnlf ffitni et la CWomMrie Ala^briqne. Par S. Lbfschbtz. CoUactiom 
ce monogra'phies sur la th^orie des fonctions publi6e sous la direction 
de M. smile Borel. [Pp. 154.] (Paris: Gauthier- Villars et Cie, 
1924. Price 20 fr.] 


Among the many branches of modem mathematics which owe their origin 
to Riemann may be reckoned that peculiarly difBicult one which is nowadays 
usually called Analysis Situs, but which is sometimes known as Topology, 
a name which Listing preferred. The Riemann surface of an algebraic 
curve and the relation between its connectivity and the genus of the curve 
are matters with which every geometer has at least a nodding acquaintance. 
When we come to the study of algebraic surfaces we are forced to consider 
four-dimensional manifolds, and naturally enough the complexity of the 
problem is greatly increased. Fundamental work on the subject of the 
difierent orders of connectivity in apace of n dimensions was done by Betti 
(1870) and was carried further by Poincar^, who pointed out the considerable 
differences which arise when manifolds of greater diipensions than two are 
considered. The treatise of Picard and Shnart, Thiorie des fonctions algi* 
briques de deux variables indipendantes, gives some account of the theory in 
its application to the geometry of surfaces, but the treatment is on the 
whole transcendental(t.i. deals with integrals on the surface) rather than 
topological. 

In this new volume of the Borel series of tracts M. X^fschetz lays the 
foundations of a purely topological study of the geometry of algebraic surfaces 
and varieties. It is a fact that while the Riemann surface of an algebraic 
curve is topologically the most general bilateral surface of two' dimensions, 
a similar statement cannot be made for surfaces ; the index of connectivity 
of dimexision one for a four-dimensionid variety can have any value whatever, 
but for the variety connected with an algebraic surface is necessarily even. 
The difFerence arises from the fact that it contains varieties which are topo- 
lo^cally very special, its intersections with other surfaces. Profiting by 
this fact M. Le&chetz investigates the special properties which result and 
applies them to a discussion of the curves on the surface, and then to existence 
theorems for Abelian functions. He is thus led to new results and to new 


proofs of theorems discovered by Castelnuovo, Exiriques, and Severi — ^notably 
in connection ,|vith the imparity of the surface, a number which plays a 
part corre8p<^ing to some extent to that of the genus of a curve. He 
gives a new treatment, remarkable for its simplicity and elegance, of 
theorem due t6 Weierstrass, but first proved by Picard and Poincar^, on the 
conditions for the existence of 2p-ply periodic functions belonging to a given 
matrix o, i,e. of meromorphic functions of p variables u, invariant when 
the elements of any row of O are added simultaneously to the 1#. 

The subject is difficult, but the book is well written and lucid, and wtU 
repay close attention, although the readm: should certainly fint have mastetiHd 
thoroa|hly the mm familiar treatment of Ptoard and Simart. 

F. V. W, 
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LioMI At MMimMyam (Mnfeikl. Par L. Zorbtti. Deuxitoe Edition, 
revue et augm©nt6e. [Pp. xv 4* 788, with 235 figures.] (Puis : 
Gauthier- Villars et Cie, 1925. Price 60 frs.) 

This book is intended primarily to give a groundwork of mathematics to 
those who will need to apply it later on, a miscellaneous class comprising, in 
the words of the preface, futurs math6maticiens, futurs physiciens, futurs 
ing^nieurs tiectriciens, mdcanicicns ou chimistes, conducteurs des F^nts et 
C£susste et Controleurs des Mines, jeunes fiUes se destinant k TEnseignement 
public.** But it also aims at supplying a compendium of mathematics for 
the use of those who in the course of life come up against some difficulty of 
a mathematical nature which they are unable to overcome, either because they 
have forgotten what they were taught in their youth or because they never 
got so far. It is, therefore, as concrete as possible, it assumes frankly what it 
would be difficult to prove satisfactorily or what requires too much algebra, 
and rejects what is of purely mathematical interest. Wc are familiar enough 
with the kind of book in England. Anal3rtical geometry and the difierential 
and integral calculus occupy most of the space, and there are chapters on 
Fourier series, on differential equations, and on graphical statics. A good 
deal of attention is paid to methods of calculation, graphical and otherwise. 
A number of examples, in the snappy French style, are appended to each 
chapter ; they are announced to include applications ** emprunt^s k la vie 
courante,** and so we may collect information on cycle-racing (p. 64), on the 
favourite sewing-machine (p. 156, ** machine New Home **) of France, and on 
the badness of French railway tracks (p. 328, calculation of the velocity of a 
train from the bumps every 12 metres where the rails join). An index is 
added '* suivant Texcellent habitude anglaise qui n*est pas assez suivie chez 
nous.'* 

There is an introduction by M. Paul Appell which contains some interest- 
ing remarks upon education in France and a puff of M. Zoretti ; but M. 
Appell should not have stated that the author has sacrificed the whole of the 
tiieory of conics and quadrics when the book devotes forty-six pages to them, 
and a tantalising reference to a chapter on elliptic functions should have 
been cut out, with it, in the second edition. 

The book is excellent of its kind, but it is not likely to have a wide circu- 
lation, except in its own country. F. P. W. 

Kttuwes de llathimatigues et de Phyaique. Par £milb Picard. [Pp. 364.] 
(Paris : Gauthier- Villars et Cie, 1924. Price 25 frs.) 

As perpetual secretary of the Acadtoie des Sciences M. Picard has led a 
busy life. He has had to deliver orations at the jubilees of the Soci6t6 
fran^aise de Physique and of the Soci^t^ math6matique de France, he has had 
to ^ down to Annonay in the Cevennes to unveil a statue of Marc Seguin, 
the engine^^, to preside at the Conference de Poids et Mesures, to take part in 
the centenary ceiebrationa of Pascal, of Pasteur, and of the famous clock-maker 
Abridkam Breguet, who with Cauchy was in 18x6 admitted to the Academie 
des Sciences by royal command, which ordered that the names of Carnot and 
Monge should be erased from the list of members. The discourses delivered 
on msee and on other occasions have now been reprinted, together Vdth 
various obituary notices, of Halphen, Sylvester, Weierstrass, Hcrmite, Zeuthen, 
and articles of a philosophical kind. The result is a fascinating volume, 

We are given, too, an extremely valuable analysis of the contribution of 
tlie Finnish astronomer Sundmann towards the problem of three bodies, an 
accmiiit of the work of Fiseau in optical theory, and an introduction to the 
blitOEry of science contributed to M. Hanotaux*s Histaire d$ la Nation ffanqai$$. 
Two rixort notes, on a partial differential equation occurring in the tixeory 
af riestric waves and on the rotation of a deformable system, are more technical 
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in character and do not harmonise very wdl with the rest ; tiiey miid^ weB 
have been left out. 

The book is one to read and to possess ; the style is delightful* enlivened with 
epigrams and anecdotes. One, concerning Sylvester, we may be pardoned 
for repeating — it is not given in the life prefixed to the fourth volume of the 
Collected Works. During one of his holidays in Paris, about 1887* Sylvester* 
who was essentially an algebraicist and knew little of modem work in analysis, 
asked Picard whether he could learn the theory of elliptic functions in six 
weeks. Picard said that he Qould, and recommended a young mathematician 
who was to give him instruction several days a week. The lessons began, 
but at the second reciprocants and matrices turned up and the young teacher 
was soon being instructed in the latest researches of Sylvester. There the 
matter ended. 

A highly interesting book indeed ; but we could wish that M. Picard had 
omitted his discourses to the Congress of Mathematicians at Strasbourg in 
X920 — it is a sorry business. 

F. P. W. 


mnoB 

Ions, Electrons, and Ionising Bafiiatiims. By J. A. Crowthbx, Sc.D., 
F.Inst.P. (Fourth Edition.) [Pp. xii 328, with no illustrations.] 
(London : Edward Arnold, 1924. Price 125. 6d. net.) 

Professor Crowther's book provides an introduction to a large number of 
important advances and problems of modern physics, and the appearance of 
a fourth edition is good evidence of its usefulness. It is no easy task to select 
and to condense into one volume the main contributions to these branches of 
physics which have grown so rapidly during the last few years, and the author 
b to be congratulated on the selection he has made. In this edition many 
extensive alterations have been made, and many new sections dealing with 
resonance potentials, the theory of X-ray spectra, the collision of o-pai^cies 
with atoms, X-ray spectra and the structure of the nucleus have been 
added. Particular attention has been paid to the experimental basis of 
the Quantum Theory throughout the book, and its value has been increased 
by the lists of references which have been appended to the various chapters. 


Hit Earth : Its Origin, Blstory* and Phnioal Omiifltntion. By HaroxiD 
Jeffreys. M.A., D.Sc., Fellow and Xecturer of St. John's College, 
Cambridge, [Pp. xi -f 278.] (Cambridge : at the University Prees. 
Price i6s. net.) 

Dr. Jeffreys' book is more than a mere record of the present state of our 
geophysical knowledge ; it is a definite and important landmark in the hfotory 
of the subject. In fact it is not too much to say that by the piroduction 
of this book. Dr. Jefireys has transformed geophysical study into a dear- 
cut subject, for the outstanding feature of bis work is that he has shown us 
how the different bratu^hes of the sdence may be united into one hamonious 
vdiole, and it can no longer be held that geophysics consists of a collection of 
more or less unrelated researches. The picture of the whole subject whicB Is 
now presented to txs is admittedly incomplete, bnt it is a picture, and tboae 
of us who have been accustomed to bunt through the scientific joumels of 
the world lor accounts of the various pieces belon^g to the geophysicsl 
puszle will not be slow in recording their appreciation of Dr. Jeffreys' re- 
construction. His book will undoubtedly prove of great vdue jUi accewmdng 
progress, insomuch as it coiwolidates the ground already gained, aijiid 
summts the future Unas of attack. 

It is the purpose of the reviewer to dweQ briefly on eoine of the matter 
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tmatad by Dr. JeBfreys, and he hopes in this way to illustrate the essential 
eontihui^ of the book. But he trusts that the author will not think an* 
kindly of tho sins of omission which he is about to perpetrate, as even a 
bare summary of all the topics discussed in the book would be hopelessly 
beyond the space here available. 

Dr. Jeffreys adopts the tidal theory of the origin of the solar system. 
According to this theory, the near approach of a star caused the ejection of 
a filament of gaseous matter from our sun. and this filament split up into 
condensations *' which were the ancestors of the planets. The theory of 
the subsequent history of these condensations is given in some detail in 
chapter ii : the course of evolution of the larger and smaller condensations 
differ somewhat, but in each case the result is the formation of a liquid 
primitive planet. Chapter iii deals with the formation of the moon from 
the still liquid earth, but we must pass on to chapter vi. At the beginning 
of this chapter Dr. Jeffreys explains to us how the liquid earth would cool 
until we have a primitive solid earth with the temperature steadily increasing 
as we pass inwards. The theory of the subsequent cooling depends to a 
large extent on the assumptions made as to the distribution of radio-active 
matter, but Dr. Jeffre3rs shows us that the results obtained by adopting 
two extreme h3rpothese8 are not very different. The actual state of affairs 
may be considered to lie between these two extremes, and we are thus led 
to the view that the cooling since solidification is chiefly confined to the 
crust, and that at a depth of 700 kilometres the temperature is still the 
initiai temperature of solidification, namely, about 1,400® C. At such depths 
the ph3rsical state of the matter must be to some extent that of a liquid ; 
it should be capable of being deformed to any extent by continued shearing 
stress, it should be devoid of rigidity, and consequently it should be unable to 
transmit diatortional waves. 

At the more moderate depths of 200 to 400 kilometres tlie matter com- 
posing the rocks would still be very weak. If. for instance, a mountain range 
was formed on the upper surface, the matter at these depths would, under 
certain conditions, flow sideways, and the upper crust would be depressed. 
The author shows that the tendency would be for a state of affairs to be 
attained in which the mass per unit cross section of a vertical column is 
unaffected by surface load, and we thus arrive at a physical basis for isostatic 
compensation, which is now a firmly established ol^ervational fact. The 
thec^ of Isostasy is discussed fully in chapter ix. and Dr. Jeffreys shows 
that we must not expect ^complete compensation of surface inequalities less 
than 2,000 kilometres in horizontal extent. At the beginning of this chapter 
there is a useful and stimulating discussion of the physical states of matter. 

Chapter x is devoted to the Thermal Contraction Theory of Mountain 
Bttildhig. for which the ground has been cleared by the discussion in chapter 
vi on tm Thermal History of the Earth. We have seen that at a depth of 
TOO kilometres there can have been no appreciable cooling. At depths 
immediately above this, each layer, on cooling, becomes too small to fit 
the interior, but we are still in the region of nearly zero strength, and tbe 
contracting layers adapt themselves by spreading out. Near the surface, 
there hai been no appreciable cooling during geological time, the present 
aurfaoe temperat\ire naving been attained within a comparatively short 
time after solidification, and accordingly the surface layers become too large 
to fit the interior. Iliey are consequently subject to horizontal stress. 
There is obviously an intermediate layer where the contraction is just enou|^ 
to allow it to continue to fit the interior, and this is called ** the level Of no 
Strain.** The horizontal stresses near the surface crumple the layers tbeie. 
thus giving rise to mountains, and a quantitative discussion shows that ^ 
arsoimt of oomimssion available is sufiSoient to account for the greater 
part, a|id possibly the whole, of the existing mountain ranges. 
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In chapter xi Dr. Jeffreys discneses the theories of other surface features 
such as oceanic deeps and continents. He incidentally also discusses tl^ 
formation of certain surface features on the moon, but space insists that the 
reviewer must pass on, and content himself with the remark that these dis* 
cussions are based on the picture of the cooling solid earth presented to us 
in chapter vi. He hopes that by now the reader has begun to appreciate 
the fundamental importance of this chapter. 

Let us return for a moment to chapter vi. From what has been said 
above, it is obvious that tha time which has elapsed between the solidification 
of the earth and the present day must have entered into the analysis, and in 
point of fact this time is assumed by Dr. Jeffre3rs to be i*6 x lo^ years. To 
see how this fifl^re was reached, we must go back to chapter v, which deals 
with the age of the earth. In this chapter we are shown how the age of the 
earliest known minerals, as derived from the uranium-lead ratio, comes out 
to be about 1*3 x xo* years. Geological evidence indicates that some sedi- 
mentary rocks are still older, so that the age of the ocean must exceed this 
figure. Another line of argument, also based on the uranium-lead ratio, 
indicates that the time which has elapsed since solidification is less than 
8 X 10* years. From the previous argument it must be greater than 1*3 x 
xo* 3rears. The actual figure assumed, vis. 1*6 x 10* years, is somewhat of 
the nature of a guess, the author considering that the interval between 
solidification and the formation of the ocean is a comparatively short one. 

The orders of magnitude of these figures receive some additional confirma- 
tion in a striking way. We have already referred to the condensations in 
the original gaseous ^ment expelled from the sun, and their development 
into primitive liquid planets. But not all the ejected matter would be 
included in the planets and their satellites. Some of it would disperse and 
constitute a resisting medium. Dr. Jeffreys points out that this medium 
would itself be in a state of rotation round the sun, a consideration which 
appears to have been overlooked by previous investigators of the effect of 
a gaseous resisting medium in the solar system. He investigates in detail the 
subsequent history and gradual disappearance of this medium and its effect 
on the planets. He shows that it inust have reduced the initial orbital 
eccentricities and from the discussion there emerges an estimate of the time 
during which the action of the medium was effective on the eccentricity of 
Mercury. This time comes out to be of the order of 6 X xo* to 7 X i<f 
yem. Dr. Jeffreys is also led to estimate that the total age of the solar 
system since the ejection of the filament is not more than twice this amount, 
and he concludes that the tidal theory of the origin of the 83rstem suggests 
that its age is of the order of lo® to 10*® 3rears. 

It mig^t be objected that these earlier chapters dealing with the origin of 
the solar 83nitem belong properly to a treatise on cosmogony, and should 
not appear in a work devoted mainly to geophysics. The reviewer will have 
failed in one of his purposes if the reader does not begin to feel by now that 
geophysics cannot be* divorced from cosmogony. The earth as it is is a 
necessary consequence of the earth as it was. From what has been said 
above it is surely clear that the picture presented to us by a study of the earth's 
thermal history is absolutely necessary if we are going to try to understand 
the properties possessed by the earth to-day. And its early thermal histoxy 
is a consequence of its formation. Things would have been very different 
if the earth had not arrived at the state of things outlined at the beginning 
of chapter vi. 

Space compels us to pass over with a bare mention the chapters on 
Figures pf the Earth and Moon, on Tidal Friction, on the Variation of Latitude, 
thp first chapter of all dealing with tha now exploded nebular hypothesis of 
Laplace, and the five useful appendices. We must even pass over pagU S58. 
Chapter xii is a useful chapter devoted to seismology. The moty of 
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^arthqualce waves is set iorth here dearly and concisely, and the practical 
seismologist will find much of interest. We shall just mention one point 
connected with this chapter which once more illustrates the essential continuity 
of Dr. Jeffreys* book. The previous discussion on the Thermal History of 
the Earth indicated that the strength of the earth's crust is hnite at the surface, 
increases to a maximum at a depth probably of the order of 100 kilometres, 
and becomes insignificant at a depth of about 400 kilometres. The greatest 
earthquakes should occur where the greatest stress is relieved by fracture, 
some 100 kilometres down. The foci of the greatest earthquakes should 
thus be at depths of the order of 100 kilometres, although they would have 
a considerable range about this depth. 

The book is in many places necessarily mathematical, but not academi- 
cally so, the author's aim being an exposition of the physics of the earth. 
He is undoubtedly speculative at times, and no doubt some of his specula- 
tions will prove to be wrong, although to be sure he is accustomed to sub- 
ject his own speculations to the same searching quantitative examination 
as other speculative minds have to endure at his hands. The fact remains 
that this book shows — to quote his own words from the Introduction — 
how " geoph3rsics is no longer a field for uncontrolled speculation ; it is a 
single science whose data are harmoniously co-ordinated by a definite physical 
theory." 

The book is appropriately dedicated " to the Memory of the late Sir 
George Howard Darwin, the founder of Modern Cosmogony and Geophysics." 
One cannot help reflecting on how Darwin would have rejoiced over its perusal. 

W. M. H. G. 


Orystali and the Fine-Stniotnre of Matter. By Dr. Friedrich Rinnx, 
Professor of Mineralogy in the University of Leipzig. Translated by 
Walter S. Stiles, [Pp. viii + 195, with 12 portraits and 203 

figures.] (London : Methuen & Co., 1924. Price io5. 6i. net.) 

Even for those of us who are blessed with abnormally high powers of assimila- 
tion with respect to scientific ideas, every day sees it become increasingly 
difficult to ^asp alone more than an insignificant fraction of the intricate 
but harmonious detail that Nature is gradually yielding to us. We often, 
rather thoughtlessly, talk of " sister sciences," but, in truth, it is being forced 
up<ni us more and more that there is only one Science. No longer can we 
with safety confine our thoughts closely to our own small sphere of investiga- 
tion. Whatever the point of view we individually might be acquainted with, 
there are a hundred and one other ways of looking at our problem that 
ntgentiy demand recognition if truth is to be attained. Particulariy is this 
to be remembered in the study of crystals, and particularly must one recall 
the lessons of crystallo^phy in the study of physics, chemistry, and miner- 
alogy. Nearly everything solid is crystal^e, and this fact is the expression 
of i^-embracihg laws wMch are the property, not of any one science, but 
of science in general. 

it is clear that Ptofessor Rixme is an ardent believer in the truth of this 
statement. His book has been written with the definite idea of helpmg 
students oi other branches of science to realise the all-important part 
jday in the scheme of things, how their properties as revealed by fine- 
struotural investigations are telling us the nature of many abstruse chemical 
and physical processes, and how the last thirteen years ^ve brought such a 
rich harvest of results that it has become imperative to all to strike up an 
acquaintance, if only a nodding " one, with the beautiful facts of crystal 
structure, A book written with* such an object in view, especially from rim 
pah of auehawell^own mineralogist as Professor Rixme, is to be commended 
itioxkgly. Hii method is to introduce to us** crystals as typical of the general 
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Gcmcepti<mol tbe oon$titiitioii of snottfr. to thdrmMroieqpIo lovnlMld ttoir 
physico-chemical relations are reflected, not only the fine-stniotiire and the 
(diysics and cheinifttry of their own partkul^ microcosm, but also of matter in 
general/* Theresultison the whole very pleasing, but there is a contain disad* 
vantage attached to this form of presentation— a msadvantage which Ihe author 
himsetf hasperceived. Itisthatinthepresmitearlystagesof the subject very 
maiiy aspectsof it, as yet not clearly defined by experimental results, cannot be 
more than hinted at, with the result that the reader in parts of the book gets 
a meandering sort of feeling, Without f eeUng quite sure what crystals deflimely 
tell us and what they do not. There is, too, some tendency to wordiness 
in this book. For instance, such phrases as ** The ternary rh^hm mustappear 
in awhirlform and dominated by the octant ** are not very nelpful to students 
of other branches of science who are trying to acquire a dear notion of the 
fundamental truths of crystallography. The same students also, it is to be 
feared, will find it somewhat difficult to dedpher certain of the diagrams. 
These would be improved considerably by a little more explanation and a 
larger scale. The structure of graphite fi^uently referred to has recenfl^y 
been shown to be incorrect, but probably this circumstance has little eflect 
on the author's argument. There is a mistranslation of the sentence (referring 
to Hafiy's pioneer work on crystal structure), ** £r dachte sich die kristalle 
aus integiierenden Molekfilen . . . zusammengesetzt,** which is rendered 
as ** He bought of oystals as * additive molecules * constructed of , . .,** 
instead of ** He thought of crystals as constructed out of additive molecules 
(* molecules int^grantes *)...** 

The first part of the book is enlivened by a reproduction of Diirer*s 
engraving, '* Melancholy,'* and a series of admirable portraits of crystallo- 
graphic celebrities. These are very pleasing, for it always nice to know what 
the ** great ones ** look like. We have heard the opinion expressed that this 
book is well worth buying, if on this account alone. 

W. T. K. 

IMstQIattoa do Bois. Par G. Dupokt, Professeur k la Faculty dee Scie n ces 
de Bordeaux. EncyclopMie L^ut6, 2* serie. [Pp. xv -f 284, with 
52 figures,] (Paris : Gauthier-YlUars & Cie, 1924. Price 25 m,) 
This volume is a very welcome addition to the literature on Wood Distillation, 
which in France, as well as in England, is not well represented by standasd 
works devoted to the subject. Until Ihepresmit publication the oaty French 
work of note on this Industry was Dumesny and Noyer's Wood frodmoU : 
Distillates and Extracts, a work which is to-day somewhat out-of-date. In 
addition, there recently have appeared in French journals several important 
contributions, amongst which we may mention C, kteriUer *g excellent p a mg ih k lt 
in La Technique Modeme, ** La Carbonisation des Bois en France penda n t la 
Guerre,** as being noteworthy. 

The present volume is th^ughly up^to-date, and embodiei descriptioni 
of the difierent types of newer plant whiim have bcm devised lor this industiy; 
particularly by Paris engineering firms — notably Messrs, Barbetr Hnwri. 
Granger-Mariller, and Messrs. Praimeet Bouillon (evaporatmr), Intilitesjpeot 
it diflers markedly from Klar's work, in which the rmler cannot mm 
the superiority Of the plant of Messrs. Me3rer of Hanover. 

Alter dealing with the chemical and physical properties of wood-^botii 
hardwood and coniferous woods are survwjred — the author t o u c hes on 
extractive processes, passing on to his main theme, the destructtvnd i i iiH a tioti 
and the productsobtained. 

This part of the work is well done, and a very complete account is gfusn m 
the Various processes that are in use tiuoughout the wcnrld both in m^ pud 
large scale operation to produce the usual range of products both 
woods and coniferous woo^ ^ 
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In tlui tepCMid part tb» author shows how these products are adimioed 
into higher a^es of mauufacture, g.g, charcoal briquettes, distiUatioii of the 
tars, guaiacol, methyl alcohol, the acetic acid industry, the acetates and 
acetic esters. 

Short descriptions are also included of the Acetone and Formaldehyde 
Processes, whilst the volume closes with analytical details. 

In the arrangement and ground covered are very similar to Klar's 
work already mention^, but the introductory survey of the chemical and 
physical properties of the woods is fuller and mcludes all the recent research 
wli^ has been carried out in this connection. 

On one point we are not in agreement. In dealing with the scrubbing of 
the retort gases to free them from the last traces of naphtha by the Br6geat 
oresol system, the author quotes Mariller as claiming for cresol a higher solu- 
tion efficiency than for water. Excellent as is this system, we cannot agree 
that water is inferior to cresol as a solvent. In our view the advantage 
of Br6geat*s cresol process lies in its power to absorb the oil fog occurring 
in the gas. 


€MMMIMTXT 

tlie(hiROglonof Metibu By U. R. Evans, M.A. [Pp.xii 4* 212, illustrated. 

(London : E. Arnold, 1924, price 145. net.) 

As the author points oat in his preface, there are a very great number of 
books dealing with metallurgy, or the Making of Metals,** although these 
appeal only to the limited number of people engaged in the metal industries, 
sraereas the study of corrosion or ** the Unmaking of Metals,** which is of 
very direct interest to us all, from bridge-engineer to radio " fan,** has only 
a very limited literature of its own. 

Evans has therefore compiled the present work in order to help three 
clSiSfis of readers, namely, the practical engineer or works chemist, those 
etifaged in research work upon metallic corrosion, and, lastly, students of 
engineering, metallurgy, and inorganic chemistry who wish to gain a general 
idea of the subject ; there is no doubt that all three types of readers will be 
grateful to Mr. Evans for his timely book. 

Hie following list of chapter headings will best indicate the scope: 
HIstorioal Survey ; Direct Chemical Combination of Metals with Non- 
metals^ Passage between the Metallic and Ionic Conditions ; Anodic Corrosion 
by mesris of an externally Applied Current ; Corrosion involving the Pro- 
duction of Hydrogen Gas ; Corrosion involving the Presence of Dissolved 
Oxygen ; Efiect of Oxidising Agents on Metals ; Corrosion of Copper and 
CopwAHoys; Corrosion and Tarnishing in a Moist and Polluted Atmosphere ; 
Pfetvom afieoting the Velocity of Corrosion ; Prevention of Corrosion ; 
Oocfoiion-iusiating Materials ; Appendix: Summary of the Behaviour of 
individual Metals to Different Corrosive Agencies. 

Vicm this it will be seen that the author has covered the ground very 
ompMely. and his book should be welcomed by a wide circle of readers. 

F.A.M. 


Vm Xdaelglii ol AggIM By A. V. Aujuno* M.C.« 

D.8e.« F.X.C.^ and H, V. T. Elukoxam, A.R.C.S., B.Sc. (Pp, xii 4* 7x7, 
fllustratad.i (Second Edition, London: E, Arnold, 29x4. rxm 

Xllx favourable reception accorded to the ffirst (1912) edition of Prof. AIL 
ixiimd% weQ-^known book would, no doubt, have necessitated a new edMou 
lidtibiii a sfacxrt time; but, as ki other ceeee, the war has hitherto prevented 
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thk being done. Ilwanthw, in odlaliomti(m«itblir.EBia|lintn, batiwir 
prodnoed a folly revised <and in part rmnitteii). edition wbioli trill be as 
trelrame as tras its predecessor. 

Certain elementary portions have been removed and tfaek* place by 
a more detailed treatment of irreversible electrode pbenomena. In tiw 
second part, dealing with special technical operations, a oonsiderabla amount 
of revision has taken place, as, for instance, the d^ossion of new electrolytio 
methods for copper or sine extraction, alkali chlorine cells, and ihe section 
on electro-metallur^. The'bection on nitrogen also, thnwah short, 

contains the gist of tht matter. It is noteworthy that only lonr pages 
are devoted to the production of organic chemicals by electrical nm n t. 
chiefly, no donbt, owing to the small amount of attention paid to the 
use of electrical methods in the organic chemical industry ; per^pe in tiia 
next edition it may be found necessary to expand thin section. 

Those engaged in dealing with electro-chemistry either on the theoretical 
or practical sides will be grateful to the authors for the nain«tftirt«p «v 
in which they have revised the book. 

F. A. 1 C. 


OatUnM of Otgaato Ohanilstiy- By E. J. Holhyard, M.A., F.I.C. IFp. 

xi -t- 466, with six plates.] (London : Edward Arnold A Co,, 19x4. 

Price 7s. 6d. net.) 

NSW elementary textbooks are, as a rule, dull fare for the reviewer, but ICr. 
Hedmyard's book is a piquant ap^tif, which makes one long for the more 
solid cheer he could undoubtedly supply in a more ambitious work. The 
arrangement may challenge comment, as the first eight (^pters with 
general theoretical considerations ; but it has advantages, since only by th|i 
means can *' the elegance of the theoretical structure '* (to quote the pmfoee) 
of organic chemistry be brought home to the student as a cofaerentitiii^. 
The subject-matter is accurate, judiciously selected and up-to-date, whOrt 
the author is pleasantly frank in dealing with problems where other wxfteis 
prefer to conceal our ignorance by restating the facts in different words, 
thinking that they thereby furnish an explanation. On the other hand, tite 
book is very modern, the author does not shirk the introduction of the f impl er 
ideas of Lewis and Langmuir, and it is obvious that he has the justifiable 
confidence that senior students in schools can' appreciate much more is 
often supposed to be the case. Mow often is this supposed lack abtl^ 

made tlM excuse for the science teacher’s neglect of his own educatkm. TboM 

who are content to be dogmatic and dislike their pupils to ask awkward 
questions, will do well to shun this book, as in tiie bands of an iigy 

it will promote a healthy scepticism and a fiow of posers which will aacsnalk 
tate his teacher bring very much riert. One cannot resist one sraotatioo |o 
indicate the mentality of the work. Speaking of the constitution 
the author states: "TbeinoblemoffhefourthvalencyofeachcariMmat0|Btias 
shelved by Armstrong, who suggested one ’ centric ' f^mvla in wMdh Ohus 
valencies were merely directed towards the centre of the bmsene Ctae 
advantage of this formula was its unccmventioiial nature, w***’’^ p fMtw fii fd 
much healthy critidsm and fruitful research. Essentially it was n 

confession that chemktk were entirely ignorant of the <aotuid 
within the bensene molecule.'' The fluent historical iw ffirwuje a , 
in a book cd this type, and the exorilent {dates add to the fcwmfw 
and the reviewer is of opinion that Mr. Hrdmyard’a bbok is the beet ekuneiitairy 
textbook of organic chemistry wbidh has appeared for away yesin la-aflw 
language. ‘ 

Oir-'L,, Jk 
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AmIImi oil Inociiiilo ty ifl Tboofitloil CBiondMiy* By 

I W. MtttOK, D.Sc. Vd. B., Al., Ga.. In., Tl., Se., Ce, and Kara 
Earth Metals, C (Part I). [Pp. x -f- X004, with 206 diagrams and 
illustrations*] (London: 1924, Longmans, Green A Co. Price 
net.) 


At one time the belief was widely held that organic chemists had a monopoly 
of long names to describe their compounds, but, after reading a few pages of 
Br. Moor's filth volume, one is inclined to revise that belief ; such names at 
Hydrated Tetrasodium Tetracupric Octodccaboratc, Decahydrated Hydra* 
atne Hexahydrododecaborate and Ammonium Isotetrahydro^ododecatuna* 
state are printed unblushingly — one dare not think how they would look m 
Gennan*-**so that obviously organic chemists must look to their laurels or 
take to cross-word puzzles. 

The ** Comprehensive Treatise has by now attained to the stage reached 
only by great prima-donnas, authors, artists, and cricketers, of being quoted 
lOMf eoMff by the surnames alone, so that ** Mellor is now a household 
word in chemical circles. The present volume must have given the author 
at least as much trouble, and probably a great deal more, than the previous 
ones, as the section upon the rare eartt^ alone is a subject of very considerable 
coin|^te3dity, and one calling for great care in its arrangement. 

*]me table of ** Reported Elements of the Rare Earths,*' with the frequent 
comments of ** Mixture," '* Unverified,** and ** Unconfirmed,** indicates how 
easily even a seasoned investigator may be led astray, and it is no easy matter 
to judge between fact and fiction where so much is vague and unconfirmed. 
Dr« Mellor seems to have accomplished the task with his usual skill, and 
cdmmists may yreVL be grateful to him for his clear arrangement of the facts. 

For the rest, the bc^k follows the lines of the previous volumes, and shows 
that the author is slowly and methodically codifying the whole of inorganic 
chemistry with a patience and pertinacity worthy of emulation. We may be 
mtmd that such an inorganic rival to ** Beilstein ** is being produced in the 
Xaglish language. 


F. A. Mason. 


fl eH o i i CWliilcsSt its Chemistry and Teehnolegy. By A. J. Hall, B.Sc., 
P.I.C. [Pp. 228, illustrated.] (London : £. Benn, Ltd., 1924. 

Price 3or. net.) 

It might perhaps be doubted whether there was room for another book 
upon o^olose, but as most of those already published are somewhat lengthy 
compilations written by- experts for experts, the present volume, written 
by an expert for those less experienced, will not come amiss. 

The Importance of cellulose needs no emphasising, whether we consider 
It fremthe point of view of one of our staple industries worih some ;f2oo,ooo,ooo 
n .year, as an essential oloriiing and writing material, as an important con*^ 
imaent in all vegetable foods, or of its urgency as a basic material for modem 
watlaim. The author wisely confines himself to essentials, and deals chiefiy 
yrildi the chemical and physical properties of cellulose, together with the 
pnmaratloa and properties <d its more important derivatives, such as the 
amficiel sCks, nitrot^ulote, and celluloid. 

One l^ls that raiher more space might have been devoted to the problem 
at the ehennical structure of the cellulose molecule than eleven pa^, but 
denbriess Mr, Hall decided riiat wherS so much is still obsoure it would be 
mwise to spend too much tUne upon its considerarion. 

The book is well printed, illustrated, and bound, but the reviewer fSels 
eoMtled to apfotest at the habit, oi whidi the present volume is an 

aaamplei af tssring seientifio works printed with wkte msrgins upon Isife 
ittiaati of paper so Ihick as almost to be Indistiiiguiriiable from tUn paa^ 

45 
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board; tii»iiaifciiii^f«vi«w,altI)ongholcnilya38p«gea.iaMBii)r«Maa«d« 
half iadiea tiiidk, the pafea themaelves babig Sevan iacbM by aioa liMlna, witb 
ntargins of one to one and a half inches, the total wef^t beinf tiio pounds. 

It is difficult to see what puipoae is served by this device — nnlesa. indeed, 
in the present case it is intended to show ^e practical uses of celltdioBe— as, 
aUhou^ it may make the book imposing to look at on one’s bookshdMres. 
scientific students prefer a more handy sise with weight and thickness reduced 
to a minimum. Despite this .drawback, however, BCr. Hall's excellent book 
should serve a useful purpose in introducing the chemistry of an important 
substance to a wide circle of readers. F. A. Mason. 

ns Plant AlkaldUS. By T. A. Hsmay. O.Sc. Second Edition, f^. 
vi + 456, with 8 plates.] (London : J. ft A. Churchill, 1934. nice 
28s. net.) 

Dviuno the last few years much research has been carried out on the alkaleida, 
consequently this new edition of Dr. Henry's book has invcdved a great deal 
of alteration. One must congratulate the author on the thorou^^ess witih 
which he has carried out his task, and by judicious selection of material baa 
kept the book within reasonable bounds without sacrificing any really 
important matter ; the temptation clumsily to graft the new woric on to tiiie 
old has been happily resisted. For a voluqM of this character it is unusnaUv 
.^to-date, work published in the early part of last year being irtdudea. 
Ihe clear exposition of the first edition is maintained, and it is a matter of 
satisfacticm that what must be regarded as the standard work on tire alkaloida 
has been pnblished in this count^. The reviewer has one quarrel with Dr. 
Henry: the inclnskm of the purine group. These compounds cannot be 
treated satisfactorily apart from the simpler ureides, such as barbitnric acid, 
and it seems dedialde for this reason to exclude cafieine, theobromine, etc., 
from the alkaloida. O. L. B. 

IhaElamentsoIOoOoidObeBilstry. ByH. Fun;NoucH,Frofeasor, Ihdverdty 
of Berlin. [I^. iv 210, with 29 figures.] (London : Methuen ft Co., 
Ltd. Price 7s. 6 d. net.) 

This book is an abbreviation of Fronndlich's Colloid and Cufittwry Oumittry, 
of i^ch the English translation is about to appear. In order to make it 
available to a larger number of students of medicine and teclmology, the bones, 
i.e. the mathematics, of the larger volume have been removed, and a very 
readable textbook is the result. Colloidal chendatry without its mathematics 
is usually presented as a formless mass of facts which makes very dull reading. 
This difficulty the author has overcome without omitting any esssntiil 
details. 

A wider audience could perhaps have been reached had tiie terminelufy 
of collcud chemistry been explained in greater detail wUh the help of diagrams i 
but aa there are so many new ooncrationa to be presented, it is douMfffii If 
this could have been accomplished within the ffiuwt space of aoo’pageS. ' 
Much of the modem workis tadndad,alfhouAeeirtaiaimportantaiMeOl|b 
t.g, the Drmnan membrane equilibrium and theurngmuir theory «f oriimtm 
tion of polar molecules on surmces and their ara^tmns, are deMudSi mndl 
too faiefly. On this account, the book ffites not sorwim the whcAe field t>f 
colloid chemistry in as udform a manner aa could have been wished; A 
rnffior points of criticism may dso be made: for exampK Wittard it 
^Red to as "the American themist"; and, on p. 43, "Chatoeall V * 
MndgMts by loose combiaation** is given wHhotttawrqoaltflcathm, , 
It a, however, the neaiest apprmwh to the fdrw Am u da s ty ■ 'lu a rth sB P 
m otffioM dbemistm dbat has yet been attained, arnlfiteamniglyreeaagiMM 
to aU students of phinilcal chemistry. ■ #.11. G. 
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B aa otfam wd BtnOibrlt. A geo^nU diacusticm held by the 
Fereday Society, November 1923. [^. 152, with numeroue diagrams.] 
(The Faraday Scxjety, 10 Essex Street, Strand, W.C.a. Price tos, 6 a, 
net,) 

Two important functions are served by the general discussions of the Faraday 
Society. In the first place, they provide a clearing-house for ideas on thie 
knotty problems of physical chemistry, and in the second place they lead to 
poblicationa which summarise the present position of the subjects within 
their purview. The present volume on electrode reaction and equilibria 
oontai^ many Interesting contributions to the study of the reversible and 
irreversible processes of electrochemistry. It includes a number of theoretrical 
papers on the themy of the mechanism of the reversible electrode in aqueous 
and non-aqueous solutions, and of polarisation phenomena, wliich, although 
they bring out little that is new, cover the whole field from several different 
pednts of view. Of special value is the comprehensive summary and bibli- 
ography by AUmand and Elltngham on irreversible electrode phenomena, and 
of wide interest that of Smita on the application of his theory of aUotrophy 
to electromotive force equilibria. 

The experimental papers will prove of considerable value, especially those 
on the Biumann quinhydrone electrode. Professor l^ilmann in his paper 
gives a full description of the experimental technique of the new electrode, 
and Pring an example of its apjmcation to the measurement of the affinity 
constants of bases. Other experimental papers by Goard and Rideal on a 
controlled ox3rgen electrode and by Glasstone on overvoltage contain many 
interestiag details of tedinique. A paper by lattey gives an account of 
measurementt with a string galvanometer of the polarisation voltage of 
hydrogen and os^gen electrics, which bring out very clearly the complex 
c&urscter of the lactors involved iu overvoltage. 

It is a valuable addition to the series of publications of a similar character 
which have emanated firom the Faraday Society. 

W. K. G. 

Umi fhaovy and AvpUoatton d Collofdal Beliavioiir. Vols. I and il. By 

E. H. Bogus, Ph.D (editor). (Pp, xlvii + 829, with numerous 
illustrations figures.] (New York: McGraw-Hill Book Co. 
Price 40s. net.) 

Thsse volumes are in the direct line of descent from Bancroft's Applied Colloid 
Ckemielety and Loeb's Theory of Colloidal Behavumr, by the same publishers. 
The original plan of Bancroft was that his theoretical treatise would be lol« 
lowed by a series of monographs on industrial colloid chemistry, but this 
l^an has not been adhered to in the new volumes. Instead, one volume on 
the theoretical and one on the industrial aspects of the subject are presented, 
mich contaiaing seventeen esasys contributed by a number of the foremo s t 
ncUoid chemists of the day. These essays have been skilfully combined into 
' a cooperative treatise which' amquately eurveys the whole field of colloid 
chemistry. The result is as hoijaunfeneous as was possible, bearing in mind 
the di^ulties inherent in such a ikheme. If frmhneas and orii^aUty in 
psessiitation were to be retained, a certain amount of overlapping m material 
and difference of opinion on fundamental questions could hardly be avoided. 

CoUoid chemistry is at a transition stage where two radically 
ideee are slowly being merged Into a coherent theory. On the o|^ view, 
it is niitotafaecl that abwarption and the action of sutmee forces are tha malii 
Isctm in tto world of nt^ected dimensions I While according to a la^ 
devellqiits^ very laigely due to Loeb, the first place must be awarded to 
/^wss Ekuman iiqniltbriiiiiL On the wbi^. tlw cmtinentel •cboolft, nqpMMwnt^ 
w | |fl(i fa W l i fc lBW EwundUdx, have ndeyted the iotnwr nnd tiw AbmiHcmi iilft 
' Kudidi Inttn sdnt of vie^ 
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The Proctor- Wilson theoiy of colloidal behaviour based on ihb Bonnan 
^uilibrium finds ardent aupTOrters both in the es8a3r8 on the theoretical and 
industrial branches of the subject. It is the day of the ubiquitous hydrogen 
ion, whose goings and comings are faithfully recorded by the colloidal nyvtem ; 
indeed, its importance is perhaps exaggerated by Van Slyke in the section 
on the colloid^ behaviour of bc^y fluids when he explains all the physical 
phenomena in terms of changing pH and entirely ignores hydration and 
absorption phenomena. 

Attention is directed to the part played by the oriented monomolecular 
fllm in colloidal behaviour by Harkins and to the properties of the mono- 
molecular layer in contact catalysis by Taylor, and it seems clear that the 
conceptions advanced by these writers wiU exert considerable influence on 
the future development of colloid chemistry. 

The subjects of the e8sa3rs on the application of colloidal behaviour to 
industry cover the whole range through metallic, vegetable, and animal 
products, and they all provide interesting reading. 

W. E. G. 

OSOLOGT 

A Textbook of Geology. Part II. Historical Geology. By C. ScHOCHEkr. 
Second, revised Edition. [Pp. viii -1-724, with 236 figures.] (New 
York : John Wiley & Sons ; London : Chkpman A Hall, 1924. Price 
22s. 6 d, net.) 

This book is Part II of a second, revised edition of Pirsson and Schuchert's 
well-known Textbook of Geology, which, originally published some nine 
years ago as a single volume, is now present^ in two volumes. The book 
is increased by about eighty pages ,* the majority of the old illustrations are 
retained, but there are a number of new ones, notably some excellent pakeo- 
geographical maps drawn by A. K. Lobeck. These portray the distribution 
of land and sea in North America during the geological periods in a very clear 
manner, and even attempt a bird's-eye view of mountain ranges. 

Schuchert treats historical geology as a biological as well as a geological 
science. He brings together facts from structural and stratigraphical geology, 
paUeontology, biology, oceanography, and astronomy, and weaves them 
into a connected history of the earth, and the evolution of its inhabitants. 
Hence the original character of Schu<^ert'8 textbook, in which chapters on 
Organisms, Evolution, Continents, Oceans and Seas, Evolution of the Stars, 
Origin of Solar System, and on the various noups of fossil animals and 
plants, am intercalated in their logical places wiwin the matter dealing with 
the stratigraphical sequence. The result is a textbook which reads Tike a 
romance, yet maintains a rigidly scientific method in the presentation of the 
facts. 

Exception has been tal^ to the inclusion of some of the above topics ; 
but the smswer (in the reviewer's opinion) is that the subject of the book is 
not Stratigraphical Geology in itself but Historical Geology, which embraces 
a much wider field ; and none of the included matter is imlevant in lelatioin 
to this more comprehensive view-point. 

While the book deals chiefly with North American stratigraifliy, there are 
numerous references to extra-American correlations, but not sufficient to 
make the book of value as a text lor European students. Nevertbelets, the 
reviewer always recommended Schuchert's textbook to advanced students 
of its original method of presentation, and its inculcation of ideas 
wnich are fruitful when applied to European stratigraphical proUems. 

^udwrt uses the term Eosotc for tiie era of oasming life precseding the 
iwl^soic and flowing the Asoic ; but, of coorsei there is no Ipsown rock 
twtd of either Bozolc or Asoic (pp. 47, X03). Thus, excludbif Cawnic or 
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Astronomic time* the Pre-Cambrian is divided into the Azoic* Eosoic* Archaso- 
aoic* and Proterozoic eras by Schuchert. This strikes one as a reasonable 
employment of these much-debated terms. In the earlier edition of the work 
Champlainian was the name of the middle division of the Ordovician. Now 
Schuchert has extended its significance so as to cover the whole of the Ordo- 
vician* and indeed to replace that term. We cannot but think this a regret- 
table step* especially as it is inconsistent vdth his action in extinguishing 
two other system names proposed in the former edition. Ozarkian* for 
instance* is now employed for the closing stage of the Cambrian* and not as 
the name of a full system bridgin'g the gap between Cambrian and Ordovician. 
We welcome the abandonment in this edition of the premature apportioning 
of the Cambrian and Ordovician into divisions which were given the full 
rank of stratigraphical systems. Similarly the term Comanchean is aban- 
doned as a system name of world -wide application* and restored to its former 
use as the name for the lower part of the Cretaceous in Western North America. 

The book may be accepted as the most authoritative account of the 
geological history of the North American continent, and especially of the 
United States. We wish its method could be applied to the stratigraphical 
geology of the Old World. Eurasia and the Southern Hemisphere as a whole 
may be sugge.9ted as two suitable units for treatment, although smaller units 
might perhaps be better. But* except for certain small regions* we could not 
yet look for the precision and detail of Schuchert’s work. 

G. W. T. 

BOTAVT 

The Trampiratioii StraanL By Hxnry H. Dixon, D.Sc., F.R.S. [Pp. 80.] 
(London : University of London Press, 1924. Price 25. 6d. net.) 

This little book of three lectures delivered at London University is rather in 
the nature of a supplement to the author's Transpiration and the A scant 
of Sap, published ten years 1^0. To any unfamiliar with the latter the 
significance of these lectures will be largely lost. This is emphasised by the 
Bibliography of about sixty papers which is additional to those cited in the 
above-mentioned work. 

The first lecture is concerned with the continuity of the water columns 
in the stem, the tensile strength of these which would appear to be over 
300 atmospheres* and the visual recognition by Bode of the compression 
due to the negative pressure. The second lecture is mainly a criticism of 
the views of Bose* in which the author records his inability to obtain the 
results of that investigator. 

The third lecture treats of translocation* and the view is advanced that 
the bast, medull^ rays* and wood parenchyma are not only responsible for 
the entry and exit of materials to and from the conducting system but that 
also they are responsible for the prevention of precipitates and gels* et cet. 

The text is written in the easy and interesting style that one is accustomed 
to associate with Prof. Dixon's writings and for the greater part of the way 
the author itiU carry most of his readers with him. But far more evidence 
will be needed before the hypothesis receives any general acceptance that the 
sieve tubes* with their highly epeciaUssd structure* large lumeni and perfor- 
ated end*waUs* play no part in the actual translocation process. 

E.J*S. 

Sssasfohss (m Vnagi. VoLIIL ByA.H. R. Bullbr* D.Sc. [Pp. xii 4- 6ix* 
with 227 text figures.] (London : Longmans. Green A Co.. 1924* 
Price 30s. net.) 

TttB first part of the present volume* like its two predecessors* is chiefly oon^ 
eemed wim the minutisB of bymenial construction and spore dispersal in 

Bymenomycetss. 
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Muiy oi the types here oomidefed possess rdatlvely eftoaiesiil froH* 
bodies, as Psaikyrella disssmminaia, IJpioia c$pm3iipis, BolMus JknMus 
and the Coprini T3rpe8, with prolonged spore discharge, axe represented 
Lepioia procera (8 days), and ArmiUaria meUea (5 days.) 

In P. disseminata and L. cspasHpes development of the h3^inenial layer 
is uniform, and there are four distinct generations of basidia, eadi shorter 
than its pr^ecessor, whilst the paraph3r8e8 form a continuous layer b^ween 
the basidia. The former species appears to possess a secondary red-coloured 
reproductive mycelium (ozonium) comparable to that of Coprinus domesticus. 
The author draws attention to the contrast between Lepiota cepastipes, with 
its ephemeral fruit-body and a spore discharge period of only 15 hours, 
and Lepiota procera, the Parasol Fungus, in which the fruit-body and the 
period of discnarge last for over a week. The basidia in this latter species axe 
all alike, and the hytnenium is loose in character, whilst spore discharge is 
intermittent. The ephemeral Bolbitus fUtvidus agrees with L. procera in the 
single type of basidium and with other ephemeral species referred to in having 
Umr generations of these structures. 

ArmUlaria meUea presents a common type to which several familiar 
fungi conform (e.g. Amanita rubescens, Amanitopsis vaginata). Here the 
hymenium is loosely constructed, the basidia are of a uniform type and do 
not show intermittent development, whilst the paraphyses are small. 

The author finds that the Coprini exhibit two, three, or four generations 
of basidia, which are either di-, tri-, or tetra-morphic. In C. comaitss the 
basidia are dimorphic and not monomorphic as Prof. BuUer had previoasly 
stated. In C. aPramentarius the gills are separated by elongated cystidia 
which are attached at both ends. 

The author gives an account of luminescence in the higher fungi which is 
mainly a summary of the results of previous investigators. The work of 
MoUsch and Gu6guen has shown that the stag's horn fungus Xylaria hypoxyhn, 
is probably represented by two strains, of which the mycelium ox one is 
luminous and the other non-luminous. Atkinson recorded luminescence of 
the fruit-body of Panus stypticus nearly a quarter of a century ago, and BuUer, 
whilst confirming this in the American material examined by him, has failed 
to observe luminescence in the fruit-bodies of English specimens and concludes 
that a luminous and non-luminous strain exist. In view of these results 
it might have shown better judgment if Prof. BuUer had contented 
hims^ with recording his faUure to observe luminescence in Pomes annosus 
and Polyporus stypticus instead of expressing scepticism with regard to the 
observations of W. G. Smith. 

The three chapters of Part II treat of the spore dispersal in the Uredinew 
and the nature of the spore- walls, the structure of the latter being explained in 
terms of their function. 

The illustrations, with the exception of some shadow photographs, and 
a few others, are of a high standard of exceUenoe both from the technical and . 
scientific standpoint. Ine photograph of Lycoperdon giganteum, despite its 
technical defects, wUl be welcomed by mycologltBitB for the excellent portrait of 
Mr. Ramsbottom, who holds the specimen. 

E. J. SausBUitV. 

BotiyUni* By £. CaTHaium Hxxdiiaii, M.Sc. LJC.B.C. Meixu^ XXVI. 

[Pp. xi -f 40, with 6 plates.] (liverpocd : at the University Ptess. 

Price 4s. 6d. net.) 

Boxxyllus was wisely dmsen as a typs of a compound asddian for detailed 
descriptioci in the weU-known L.M.B.C. Memoirs, its abondanoe on our 
coasts making it a tpedaUy suitable subject lor Hne laboratory student. It 
is intended that this memoir should be studied with tibe vohinie previaaily 
published in the same seiiet on Ascidia as a type of Mmple asddiah the 
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tela Sbr WUUaia Herdman^ and thate together form an excellent introductioii 
to the adioto gronp. 

Hke Herdioan gives a short and very lucid account of Botiyllus, whose 
individuals have, as she says, ** to some extent lost their individuality.*' It is, 
however, by no means certain in this case which is the individual, although we 
agree with her in preferring the ascidiosooid to the corm. 

The anatomic^ descriptions axe illustrated by simple and effective 
drawings, those on Plate 11 showing very clearly the general arrangement 
of the internal organs, and there is one coloured plate illustratmg one of the 
numerous colour schemes of this extremely variable spedes; for in this 
monograph it is concluded that only one species of the genus has as yet been 
described. 

Vexed points are fully discussed, the author's opinion based on the 
experiments of many workers being that the refringent organ is a digestive 
gland and the function of the neural gland is sensory. As regards title feeding, 
she is in full agreement with Orton as to the endostyle secreting the mucous 
with which the food is mixed, but bearing little or no part in the actual food 
odlection, this being the function of the cilia on the walls of the gill bars at 
the pharynx, the current directing the entangled food to the dorsal lamina 
and so to the oesophagus. 

This is altogether a most welcome addition to the series, and Hiss Herdman 
is to be congratulated on a good piece of work, dearly expressed and easily 
followed, wMch will be a red help in the laboratory. 

Maris V. Lbsour. 

looxiOaT 

British Wadecs. By E. C. Arnold. [Pp. viii + 102, with U coloured 

K * ‘ (Cambridge : at the University Press. Price los. net. 

ted edition of 50 signed and numbered copies on hand-made 
paper, of which 45 are for sale, £y 7$. net.) 

Even in this age of beautiful books, Arnold's British Waders will attract 
the attention of book lovers. It is tastefully designed and perfectly produced. 

The text is slight but full of interest. It consists almost entirely of 
original notes and personal observations, the value of which is greatly en- 
hanced by the author's wide experience and exceptional appreciation of 
movement and colour. Of the mty-three species dealt with, Mr. Arnold 
haa collected no less than twenty-nine, and has narrowly ndssed getting 
several more. 

Many questions of particular intm^t to field ornithologists are raised in 
these pages. The thorny subject of sight records is frequently alluded to. 
In commenting on his sight record of a Bonaparte’s Sandpiper (p. 24), our 
author points out the very true but rather unfortunate fact that sudi records 
are received with scepticism by the most ardent protectionists as well as 
scientists. We may infer that the recorder of birds has no choice but to 
kUl if he wants to be taken seriously. 

Mr. Arnold's pictures, although several are open to criticism from <me 
point of view or another, are oertidnly refreshing in their striking originality 
of conception and execution. Many of them are very effective* and soma 
excrationally pleasing. 

book is not a scientific production, but an illustrated collection of 
field notes. A definite statement as to the age, sex, and season of the spedman 
depicted would have made the pictures more useful, though in some 
these facts can be gleaned from the text. The total length of the bird, as 
an indkation of else, is given in every case, however. The omiasiott of an 
Index is also a matter of regret. 

We can heartily commend the volume to field ornithologists 

W. R. 
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Tkltbook ol Pitholoff* By Robert Muir, M.A., M.D., Sc. 0 ., 

a >. viii + 774, with moiB than 420 original illustrations.] London : 
ward Arnold ft Co., 1924. Prico 33s. net.) 

Mbdtcal students who read well the book which Professor Mitlr 
states is written primarily for them will obtain a good knowledge of tbb 
actual subject of patholo^. l^t they will also obtain something of even 
greater value, an understanding of the way in which the problems con* 
nected with the etiology and processes of disease can be solved by the 
application to them of fundamental physiological principles. It is this 
aspect of the book which in all probability will make it of great value to 
the general practitioner, who in the study of each case is confronted with a 
fresh problem. 

In writing a textbook on a subject as extensive as pathology there must 
always be selection if the book is to be kept a reasonable size. Professor 
Muir, in making his selection, has been guided by two main principles ; to 
quote his own words, he has endeavoured '' in the hmt place to give due weight 
to the scientific aspect of the general pathological processes, and in the second 
to describe those pathological changes in the various organs which are of 
special importance in relation to Clinical Medicine and Surgery/' One of the 
chief features of the book, Indeed, is the way in which the author has sought 
to msd^e it of service to the practitioner by emphasising the clinical appl^a* 
tion of pathological results. 

Certain subjects of a more specialised nature such as Diseases of the Skin, 
Tropical Diseases and Parasitology have been omitted, but nevertheless an 
account has been included of the more important parasites in connection 
with the lesions which they produce. 

The book throughout incorporates the results of recent experimental 
and chemical research, and is of the greater value in that it is so largely bMed 
on the author's own observations covering a large field of work and extending 
over many years. It contains a large number of original illustrations and 
references are given to works which the author has found of value to his 
students for the purpose of more detailed study of special points. 

The chapters on inflammation, disturbances of the circulation, blood, and 
on the haemopoietic system generally are especially good. In the account 
of the pathology of the heart one would have liked a fuller account of dis- 
turbances in the conducting svstem, with an indication of the author's views 
on Lewis's explanation of fibrillation and flutter. The chapters on the central 
nervous system might well have been longer. These criticisms are reallv a 
testimony to the excellence of the book, for those parts of the subject that 
have been dealt with in any detail are so clear and iUuminating that it rouses 
a desire to have the whole subject dealt with in the same manner. But 
within the limitations imposed by the size of the book it is hard to conceive of 
a better or more stimulating textbook of pathology than the one the author 
has given us. 

Ibe Lsncoofte in Healiii and Disesss . Being an Enquiry into Certain Phases 
of Leucocytic Activity. By C. T. Bond, C.M.G.. F.R.C.S. [Pp. via + 
84, with 48 illustrations on 24 plates.] (Londm : H. K. Li^ ft Co.i 
Ltd., X924. Price tzs. 6 d. net.) 

This is essentially a study of the living leucocyte. In carrying out the 
investigation use has been made of (x) the Closed Cell as a means of 
obtaining living leucocytes free from other cellular elements and in sufBdent 
numbers for experimental purposesi (2) the dark-ground method of iUdmioa- 
tion for observmg the changes in the leucocytes and their active rsspoBis 
under varying ccaditions. 
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Tht author thowt that if a drop of blood, placed in a closed cell, be 
laeiibated for a few minutes, a clot forms which stretches like a membrane 
across the cell, serum exudes, and leucocytes emirate on to the slide and 
adhma to it. If the clot is gently removed, the living leucocytes adhering 
to the slide can be mounted in normal saline and examined. 

Among many interesting observations made on these living cells are (1 ) 
the relation between the form of the leucocytes and their activity, (2) an 
oscillatory movement of the cell granules in the stimulated leucocytes, which 
hi preliminary to (3) the protrusion of pseudopods and very fine branching 
dendrites, which may be of considerable length, and which serve to entangle 
foreign bodies, (^) responsiveness of the leucocytes to changes in surface 
tension and their consequent adaptation to the finest irregularities of any object 
with which they come in contact. 

Again, he shows that if the removed clot, washed in a gentle stream of 
saline, be replaced and reincubated in a closed cell with a drop of saline, a 
second crop of leucocytes will emigrate, but this time free from serum. He 
has thus b^n able to demonstrate the infiuence of scrum on the emigrating 
leucocyte in both health and disease, and he points out important differences 
in difierent diseases. 

Sections are devoted to the interaction between leucocytes, serum, and 
red corpuscles, both native and foreign, and it is shown how additive toxic 
or opsonic substances may be formed on the surface of the red cells by serum, 
and the close relationship between these erythrotoxins and cr3rthro-opsonins. 
Indeed evidence is advanced which strongly suggests that the latter may be 
derived from the former. Other sections deal with the part played by leu- 
cocytes in carbohydrate metabolism, and the presence, staining reactions, 
nature, and function of ** diffusion and iodophil substances secreted 
by the leucocytes* 

All the phenomena observed are beautifully illustrated by actual micro- 
photographs, and the conclusions arrived at are well summarised in the last 
section. As an original contribution to the elucidation of the problems of 
immunity, and in particular the part played by the leucocytes, the book is 
of considerable importance* A new line of attack has been opened up, and 
the valuable results so far achieved should stimulate others to follow and 
stili further develop it. 

Herbert C. Lucky, 

fha lIoQgol in oor Midst* By F. G. Crooxshanx, M.D. [Pp. xaS, with 28 

r tes.] (London: Kegan Paul, Ttench, Trflbner Sc Co.; New York: 
P. Dutton Sc Co., 1924.) 

The author describes his work as gleanings from several fields, but he has so 
arranged his material that whosoever, interested in human evolution and 
devolution, commences the perusal of this little volume will find a difficulty 
in laying it aside unfinished. The primary aim of the thesis is to seek an 
anthropological explanation of certain omrvations in clinical pS3^iatry, 
which leads to a discussion of the bearing of the evidence from atavism on the 
question of the monophyletic or polyphyletic origin of mankind. 

In 1844 Robert Chambers expressed the opir^n that the charactem ol 
the leading races off mankind might be regaxded as representations cl partly 

e hasiM of the development of the hipest, or Caucasian, type, which he 
at tiie top of the scale, the Negro being at the bottom and the 
iian races occupying on mtermediate position. He also made the obser* 
vatim that the offering of certain Caucasian parents who were nearly 
related were persons who ** in maturity are still a kind of children and 
resembled die Mongols. Twenty years later J. Langdon Down suggested 
the dasridcation of idiots by their ** ethnic and the one of big cate- 

gories which has received universal assent as a distinct dassj^ termed the 
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Mongol type. The retemhlancee to their radnl p rotot y pe s were hroed 
features, obliquely placed eyes, flattened bridge ol the nose, rounded pituia» 
transverse Assuring of the tonne, short stature, and the relative proportions 
of the limbs. In certain o^r features there was no resemblaii^, and 
probably the association with idiocy discouraged any consideration of the 
racial aspects of the setiology of this variety of human defidency. 

Dr. Crookshank has noted certain other features, such as the habitual 
posture in sitting on the groundi the marking of the hands, and some character- 
istic movements in which the idiots resemble the racial Mongols. He also con- 
siders that the traits of Mongolian idiocy are only fully developed in those 
cases in which both the parents possess similar characters, though in a lesser 
degree and without any associated feebleness of mind. He noted that certain 
traits characterising the Mongolian races were to be found in a considerable 
proportion of the inhabitants of western Europe. Whence came these traits f 
Years ago it was thought that there had been no admixture with racial Mongols 
in western Europe until the invasion of the Huns, but it is now believed 
there may have been occupations by peoples with Mongol traits in the 
Magdalenian and in the Later Neolithic and Early Bronre ages, in which 
case the necessary elements for an atavistic explanation of the phenomena 
of Mongolism are present* 

Inquiring into the topographical distribution. Dr. Crookshank has been 
unable to trace the occurrence of Mongolian idiocy other than among the 
white and the Mongolian races. He has not heard of it amongst pure-bred 
negroes, native Australians, those races of India that are fm m>m any 
Monj^l strain, or Arabs from the Yemen. He has not seen it among pure 
Semitic Jews, and though he quotes Feldman as saying that Mongolism is 
common among Jews, he thinks this may be due to some misapprehension 
or to the fact that many Jews are descended from the Mongoliim tribe of 
Chazars in southern Russia who were converted to Judadsm. This Question 
of origins is of some importance, for the recent paper by Brushfield in the 
British Journal of ChUdren^s Diseases reveals a high proportion of Jews among 
the Mongolian imbeciles admitted to the Fountain Mental Hospital ; while 
the figures regarding cases brought to notice in London under the Mental 
Deficiency Act show that about 9 per cent, of the instances of Mongolism were 
in children of Jewish parentage, a proportion greater than that of the Jews 
in the general population. 

Some have regarded the reversion of the MafigoUan imbecile, if reversion 
it be, as something going farther back than a Mongol racial stock, to some- 
thing prehuman. Dr. Crookshank takes up this point and suggests that in 
the features to which he draws special attention, to wit, postures, attitudas» 
and palmar marking, both Mongolian imbeciles and racial Mongols resemb^ 
orang-utans. He describes the orang as difiering from the chimpanzee 
and the gorilla in the same kind of manner as the Mongolian races difier 
from the Semites or the Negro. Both Mongol idiots and orangs are dystfay- 
roidal in their make-up, and both in towns suffer from respiratory disorders 
and l3rmphati8m. The author also draws attention to certain similaritiei 
in the palmar markings and postures of the two groups, the Negro and 
gorilla on the one hand and the chimpansee, the ** white,*' the suffem from 
dementia praecox. and certain neurotics on the other. He finds tibe best 
explanation of these siinilarities and differences in the hypothesis xd midtiple 
Un^ of human and anthropoid descent enunciated by Klaatsoh. 

Such an hypothesis, if proven, would indeed help to desr up the problem 
of the aetiology of mental deficiency, but certain dimoulties stand in me wsy. 
This hypothesis seems to require a continuous gradation physically and meiK* 
tailv between the lowest Mongeflian idiots and the highest typst of Suropean 
with some eastern traits of countenance ; but this does not oceur^ The 
subiect of M o ng ol i an imbecility Is abmxnnal at all agotg his inteUigi^ \ 



REVIEWS ;o3 

dmlofit beyond that of tbe child, he is never capable of contmnous attention^ 
he appears full of promise but never of acnievement. The ''Mongol** 
sdiool child described in this volume is a quite different person, someumes 
alert, sometimes slow, whose behaviour is never that of a deleave. But 
though between the subject of Mongolism and the normal there is a great 
gulf fixed, Mon|;olbm shades off on &ie one hand into cretinism, and on the 
other into certam ill-defined forms of primary amentia, although the subjects 
of these conditions would apparently be held by Dr. Crookshank to belong 
to different ** ethnic types/* Probably the common factor between these 
forms of defect is a certain degree of dysthyroidism, though the true Mongol 
idiot is unimproved by thyroid medication. 

The nervous system of the Mongol idiot shows a diminution in sire and 
complexity not so much in the neopallium as in the more archaic structures 
of the mid and hind brain, a feature which could scarcely be explained by 
atavism to an anthropoid stage of evolution. 

The comparision l^tween the chimpanzee and the sufferer from dementia 
prascox seems less happily devised ; the anthropoid appears a lively and very 
thorough extravert living in the real present, the psychotic an introvert 
living in a world of phantasy. It should also be noted that Mongolism and 
dementia prsecox may be common in the same populations, e.g, the Jewish. 

Although the characters on which stress is placed are by no means constant 
nor the arguments alwa3r8 convincing, the volume as a whole is thoroughly 
stimulating and may well have applied to it the saying, Si non e vero e 
ben trovato,** 

F. C. Shrubs ALL. 

WaBMMitory Morphology gad Phyiiblogy lor Medioal Students. By J. H. 

Woot>aBR, B.Sc. [Pp. viii + 528, with 255 text figures.] (London : 

Humphrey Milford, Oxford University Press, ig24. Price its, 6d. 

net.) 

This book strikes a fresh note, and is a welcome departure from the usual 
junior textbook. The general aspects of biology are here considered from 
a wide and enlightened standpoint. Each animal is presented to us as a living 
being ; the structure and function of the organs are treated side by side, an 
essential but often neglected factor in any introduction to general biology, 
whilst the needs of the medical student are constantly kept in view. 

A short but excellent introduction is followed by a brief survey of animal 
organisation in general, after which comes a chapter on the elementary 
histolo^ of the tissues. .We are then led on to a consideration of the cell 
and cell division. The next four chapters deal with Invertebrates, the usual 
types being described. In the study of the Protozoa, the attention of the 
riMer is directed to the experimental side of biology, and the account of 
flatworms concludes with a summary of parasitism as a whole. 

The Vertebrata necessarily fills a greater proportion of the volume. This 
part begins with the anatomy and development of Amphioxus, after which, 
a detailed description of the dogfish gives us an insight into the structure of 
a tynical Vertebrate. This sec^u is excellent, esp^ially with regard to the 
^ucidation of the muscular and nervous systems, and the sense organs. 
Passing from the frog to the rabbit, the student is gradually initiated into 
the neoessary changes arising in the transitiott from water to air. An illus* 
tration of the vascular S3nit6m of the rabbit would have been a useful additiem. 
The account of the urinogenital organs is perhaps rather brief, and from what 
is known of their development it would be more correct not to spesdc d tbe 
Iddneysin the adult mammal **aB **oif Mdljy different origin from th^ of the 
frog utaHcs mine)/* 

light is thrown on the evolution of tbe Mammalia by a oonciie account 
of mm tesU types of Ainiffiibia and Reptilia, This is a distinct innovatiM 



704 SCIENCE PROGRESS 

in a work of ttdM kind. The importance of the developmental history d «ii 
organ is well emphasised thronghout, and there is a chapter devoted to the 
development of the chick, followed by that of a mammal. 

The illnstrations are a special feature. They are clear and well chosen, 
a large number are from original drawings by the author, and most of the others 
are new to an elementary textbook. 

Mr. Woodger has produced^a really good book, well written and carefully 
thought out. It will not only be valuable to the medical student as a 
supplement to the ordinary practical textbook, but will interest every 
tea<^er of zoology. 

E. A. F. 

Birox]rssB.zva 

Dements of Dsotrieal Dsdgn. By Alfred Still. F.A.I.E.E.. M.LE.E. 

[P^. 528 4- xxi.] (London : McGraw-Hill Book Co., 1924. 25s. net.) 

Although limited to a single volume, the treatment of the subject is thorough 
and comprehensive. Commencing with the design or resistances — elect^ 
magnets and windings, insulators, etc., the treatment is progressive and 
covers generally the whole field of D.C. and A.C. engineering appliances both 
static and rotary. 

However complete a theoretical design may be. its ultimate form is decided 
by practical experience and conditions. The author is therefore justified 
in avoiding all purely academic or deeply theoretical considerations and 
in the free use of empirical formuUe — the limitations of such iormulse being 
always carefully indicated. 

Theoretical treatment is not completely excluded where immediate 
practical application is available, such cases being : equalisation of voltage 
gradient in di-electrics, thermal conductivity and temperature rise, leakage 
reactance of a transformer, etc. Other works are referred to for detailed 
treatment of theoretical points. Such references are usually to English 
authors of prominence in the electrical design field and readily accessible to 
Englhdi readers. 

In all cases the treatment is dear, well illustrated with line-drawings 
and vector diagrams where necessap^. while each chapter concludes with a 
series of questions embodying the points raised in it. 

Particularly noteworthy are the sectioiu dealing with A.C. generator, 
and the design of windings and insulators for extra high tension circuits. 

The concluding chapter is an all-too<8hort summary of points to be 
considered in the mechanical design of rotating machinery. 

The result is a work which falls readily into the gap existing between the 
purely theoretical textbook on electrical design and the brief summary of 
practical requirements found in the electrical engineering handbooks. 

A. N. Jacxsoh. 

Applied Daatirity. By John Prescott. M.A.. D.Sc. [Pp. viii 4* 666. with 
diagrams.] (London: Longmans. Green A Co.. 1924. Price 25s. net.) 

Under the above title Dr. Prescott has given us a book which should prove 
of service both to the mathematician who takes up a study of the mathe- 
matical theory of elasticity and to the engineer who sets himself to the solutiott 
of practical problems in elasticity. 

In his ijTeface the author states that he has tried to view the aubject 
Iroip the point of view of the engineer rather than that of the mathematician, 
and that his main object has been to lead up to problems which had a practicai 
application. This he has done, but the book remains a treatise on the 
mathematical theory rather than a handbook lor the engineer. There are 
certaiiUymaoy points of the theory which have not been worked out so lolly 
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as la most teartbooki on elasticity, but the lundamental problems have been 
dmUt vrith very thoroughly. Moreov^, the examples given of the applica* 
tion of the theoretical results to the solution of practical problems supply a 
connecting link — too often missing — between the mathematician and the 
engineer. 

The first four chapters deal with the ground-work of the theory, which 
is treated very clearly and forms an excellent introduction to the subject. 
The bending of thin rods and plates and the stability of rods and plates 
are treated very fully, results l^ing worked out in detail for a number of 
particular cases, with several practical examples. The elastic deformation 
of spheres and cylinders, the stretching of thin plates, the vibrations of discs 
(including rotating discs), and contact stresses are all dealt with more briefly. 
The main interest of the book consists in the use of the principle of minimum 
energy to obtain approximate methods of solution, especially useful in the 
case of stability problems. Dr. Prescott has applied the principle successfully, 
to many of the simpler problems on thin rods, and has given also illustrations 
of its general applicability by deducing approximate methods of finding the 
buckling load for a thick l^am and for a thin tube : problems which by other 
methods present very great difiiculty. And while the conscientious mathe- 
matician may look with disapproval on the approximate solution, and the 
engineer still base lus calculation on experimental results in such cases as 
these, the method will have undoubted interest for both. 

The text throughout is remarkably clear and explicit, each step in the 
working being fully explained, so that anyone with a fair knowledge ol 
difierential and integral calculus can read the book with ease. Clear diagrams, 
are inserted wherever they are necessary to illustrate the text. 

The book certainly justifies its publication, for, while it does not contribute 
much that is new to the theory ol elasticity, the practical view that it takes 
of the whole subject and the clearness with which it is written make it a 
treatise on Mathematical Theory which can be read with understanding by 
the engineering student. 

H. T. J. 

Altenating Cunait Bao t ifloatlon : A Mithemattoal and Praotteal Treatment 
from the Eni^eeringViewpo^ By L. B. W. Joixby, M.A., 

Member of the Research Stafi of the General Electric Company. 
[Pp. xviii -f* 352, with 244 figures and illustrations.] (London : 
Chapman A Hall, Ltd., 1924. iSice 255. net.) 

Tax rectification of alternating currents to produce unidirectional ones is 
a branch of electrical engineering which is likely to become increasingly 
important. Certain phases of it have already received very considerable 
application, chiefly in connection with radio work, and such application seems 
likely to meet with further rapid extension. Other phases of the subject, 
however, are of no less importance, so that the volume sunder review should 
M a much-felt want. 

Apart also from the above considerations affecting the usefulness of the 
book, it is espec^ly welcome to And a treatise whi^ breaks fresh ground 
and opens up new ^Ids in the much-trodden realm of electrical engineering 
and does not merely repeat (in more or less new wording) what has already 
been pnbUshed on many occasions in standard textbooks. 

The field covered by the book is necessarily a wide one, since rectification 
in <me or otbor of its many forms can be applied fb energies ranging from 
m ic ro wat ts to many kilowatts, at any voltage from practically aero up to at 
feiuit loo kUovohi. In connection with this book the author has used the 
torn xectiyteutim in its broadest sense to include all methods of producing 
mcddirectkmal from alternating currents; whether by rotary machinery 
Qi by itatio appaiutus. While perhaps from some pdnts ol view anch a 
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comne may be open to criticism, it neverthelcis ban much to tecommead it, 
particularly as the specialists in one or other part of the snt^ect which tonchee 
or affects their own particular line of electrical or radio work are apt to 
overlook what has be^ accomplished in other ffelds and with other aims. A 
comprehensive survey of the whole subject such as is here provided cannot 
but help to stimulate thought, and perhaps lead to important developments 
or applications of certain forms of apparatus into other spheres of work than 
those lor which they were originally designed. 

The book is fully illustrated thxoughout with good clear diagrams, and also 
with numerous half-tone plates depicting the various forms of apparatus 
under discussion. It opens with a general introduction to the problem of 
rectification which summarises also some of the present applications of A.C. 
rectification and tabulates the various types of rectifying apparatus applicable 
to these different requirements. The remaining chapters (to the number of 
17) are divided into six groups — Part I dealing with Wave Form, including 
Harmonic Analysis, calculation of mean and effective values in alternating 
and in rectified current circuits, and a consideration of the appropriate 
measuring instruments to be used for various purposes in the rectified current 
circuits. Part II discusses Mechanical Rectification, and indudea brief 
descriptions of various fonns of rotary converters and motor converters, and 
Iheir application and use. A chapter in this section is devoted entirely to 
Commutator Rectifiers, both of the smaller t 3 rpes such as are often used for 
battery charging and similar purposes, and of the larger varieties as typified 
by the Transverter. Another chapter is devoted to Extra-high-voltage 
Rectifiers of the types used for electrical precipitation, X-ray work, etc., 
and to vibrating r^ and similar smaller typ^ of apparatus. Part 111 
occupies the largest share of the volume and deals with Gaseous Ccmduction. 
It indudes chapters on the Conduction of Electricity through Gases ; Mercury 
Vapour Rectifiers (theory and descriptions of both meM and glass bulb 
rectifiers) ; Vacuum Tube and Thermiopic Rectifiers ; Gas TubM, Neon, 
Timgar, and Magneton Rectifiers; Point to Plate Discharges, Vibrating 
Flazne, Corona and Photoelectric O 9 II Rectifiers. 

The prqpezties of electrolytic conduction in liquids and the operation and 
use of electrolytic rectifiers generally are set out m the chapters of Part IV ; 
while the two chapters comprising Part V relate to ** Wireless Rectifiers.** 
Crystal detectors and three-electr^e valve detectors are dealt with in some 
detail in these chapters, the crystal detectors more fully than the valves. 
The title could perbap more correctly have been given as ** Wireless Receiv- 
ing Rectifiers,** as uose which are finequently used in radio transmitting 
stations have already been dealt with in P^ III of the book. The treatment 
of the valve detector is confined to a consideration of its mode of operation 
as deduced from the characteristic curves of the tube, and m this respect Is 
somewhat brief, but doubtless the author has experienced some dilkulty 
in deciding (both here and elsewhere) as to how much should be put in, and 
what could conveniently be omitted. To have attempted to include every- 
thing relating to the subject would have necessitated a whole series of volumes 
in place of one only. 

The title of the last chapter which comprises Part VI of the book, vis. 
Alternating Current Measurements and Vmtage Regulation, is ratiier mis- 
leading, as one expects from it much mote than is to be found in the chapter. 
What is really discussed is the use of rectifiers in connection with such 
measurements, and even this is confined to the commutator lectifiwr. Con- 
siderable amplification of this chapter would be a welcome addition to the 
book, since very much mote work has been done on the application of leoti- 
fiers to A.C. measurements than the autiior even hintii at, iHm a proper da e i i- 
ficaticm and audysis of sudi methods Is needed. 

The pubUefaers are to be congiaMhiitod on the preparation of tkip hook, 
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m tbe pfintbig and ganaral appearance m exoallent. and remarkably lew 
miaprinta have been noticed. Particular mention may also be made of the 
set&ig of the mathematical formulae, which is both good and clear-— a point 
where so many publishers frequently fail — while a uniform system of notation 
has been used throughout. 

All through the book the treatment of the subject is essentially of a 
practical nature, with the addition of mathematical theory where requisite 
for the explanation. In no place is it overloaded with unnecessary descrip- 
tive matter, while the usefulness of the book is also increased by the addition 
at the end of each chapter of a bibliography of references to previously pub- 
lished articles dealing more fully with other aspects of the problems. 

Philip R. Coorsey. 


The ■easnrement of Fluid Tdooity and Preiinre. By J. R. Pannbll, 
F.R.Ae.S., A.M.I.Mech.E. Edited by R. A. Frazer, B.A., B.Sc., 
A.F.R.Ae.S., with a Foreword by R. V. Southwell. [Pp. vii -f 133, 
with 49 illustrations.] (London: Edward Arnold 6 t Co., 1924. 
Price los. 6d. net.) 

J. R. Parnell, the author of this posthumous work, met his death in the 
disaster which involved the destruction of the airship R.38 on her trial flight. 
He was especially gifted for work relating to the measurement of fluid motion, 
and his investigation in conjunction with Stanton of the application of the 
principle of dynamical similarity to fluid motion, briefly referred to in the 
present work, is his enduring memorial. Their results, co-ordinated by 
Lees into a comparatively simple formula, are constantly employed in in- 
dustrial practice in calculations relating to the pressure distribution in 
flow systems. The practical determination of the motion of a gas in a pipe 
or other channel would, however, still appear to be one beset wi& difficulties. 
And this despite the fact that the Pitot tube dates from 1732, the Venturi 
tube from 1791 (and not from i88x as stated in the text). In industrial 
installations, the measurement of the velocity of a stream of fluid — most 
frequently air and consequently of little monetary value — is still generally 
attmpted in a manner which should bring a blush to the cheek of one who 
has heard of the harnessing of science to industry." The horse would 
appear to have bolted with the harness, for of our own certain knowledge 
we are able to assert that the use of an impossible form of Pitot tube, or of a 
battered and dmlict type of windmill anemometer, has enabled more than 
one industrial concern to achieve a rocketing reputation for being advanced 
and scientiflc 1 

A book devoted to the subject of the measurement of fluid velocity would, 
we had hoped, do much to remedy this state of aflfairs. We are afraid, 
however, that very little can be hoped for in this direction from the present 
volume. The work has reference more especially to precision measurements 
of the motion of fluids in problems relatii^ to aeronautics, hydraulics, and 
ventiiaticm. Chemical tec^ology will stm have to be satiafled with its 
Fletcher anemometer and gauge, which is the combination it most commonly 
employs, and whkh receives no mention in the text. On page 98 we read 
** inclined tube manometers are in use on the wind tunnels at GdtUngen and 
at Washington." We can add that hundreds, possibly thousands, of such 
gauges axe in daily inaccurate industrial use in this country. Ptessute 
measurements are commonly quite well made in chemical tec^dogy. 
hi the preciskm instruments customarily employed in the industry are absent 
ixom the j^esent work. 

Within the serious limitations of the subjects dealt wiih^ to which teief 
etieiance has been made, we can heartily commend the present work. Chap- 
luKt are devoted to anemometers of the pressure tube, moving part and 
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hot-wire types, ship Ion, msnometers, and the flow of fluids in drcnlar pipn. 
The work is authoritanve and in general correct. The only adverse aitiasm 
we have to advance is that the work rather gives one the impression tiwt 
the subject has been regarded too much from the point of view of what has 
been sieved at the National Physical Laboratory. The editor would 
appear to be addicted with N.P.L. myopia. Evidence of this is very cknuiy 
seen in Chapter III, devoted^ to hot-wm anemometers. The only form cd 
hot-wire instrument that has been extensively installed on a commercial 
scale is unmentioned. More than ample justice is done to at least one form 
of anemometer of the directional typ^ used at the laboratory. The original 
form of directional instrument introduced elsewhere is dismissed as practically 
an also ran/* accompanied by an incmrect reference. Additional evidence 
is afforded by the N.P.L. type of Chattock gauge being referred to as the 
N.P.L. tilting manometer (pp. 14, 91). This is a minor defect, which it 
is hoped will disappear when the publication of an enlarged second edition 
of the work is call^ for. In the meantime the technologist can avail himself 
of Litinsky's Messutig grosser Gasmengen. 

j S. G, T, 


MXMBUJUrBOXni 

A Long Life's Work. An Autobiography. By Sir Archibald Geixib, 
O.M., K.C.B. [Pp. xii + 426, with two plates.] (London: Macmillan 
& Co.. Ltd., 1924. Price 185. net.) 

Geologists are a long-lived race ; and the late Sir Archibald Geikie, the doyen 
of British geology, was the last exempliffcation of this rule. He was bom in 
1835, and during his long life became acquainted with all the great masters 
of the science from Hugh Miller onwards. To all foreign workem he stood 
as the embodiment of British geology. He was successively SecxttBxy and 
President of the Royal Society, and twice President of the Geological Society 
of London. He was Director of the Geological Survey for twentv-one 
held many other responsible posts, and was accorded innumerable honours 
both at home and abroad, culminating with the Order of Merit in 1913* 
Such, in the baldest outline, were the achievements of a remarkal^e man m 
science. 

Sir Archibald Geikie's life, apart from his childhood and boyhood, may be 
divided into five main parts: 1855-18719 his early connection with the 
Geological Survey, and his Directorship of the Geological Survey of Scotland ; 
z87X-i88a, occupatirm of the Chair of Geology in the University of Edinburgh ; 
Z882-X903, the Director-Generalship of the Geological Survey of Great 
Britain ; 1903-19x3, Secretaryship and Presidentship of the Royal Society 
of London ; 1913 to November 10, 1924, the date of his death, retfrement 
at Haslemere, and occupation with liter^ and classical pwuits. 

His autobiographv is written in that (manning style which distinguished 
his geological as well as his biographical and other purely literary writings, 
and made so many converts to l£be science he served and represented so ww. 
We obt^ many anecdotal glimpses of the great figures of Victorian sciMoe, 
as well as vigorous thumb-nail ricetches of many iri his oo-workers and con- 
temporaries. 

If, however, we turn to the autobiography to leam something oi the pro- 
gress of British geology from Murchison's time onwards, we are somewhat 
disappointed. The great geological controversies of the last third of last 
century, in which Sir Archibald GeikLe was a leading gladiator, ate mreaented 
in a colourless way, conveying nothing of the beat, dust, and now oil the 
conflict ; and with no menticm whatever of ac^ of the chief mro1»|Sidniat% 
notably Charles Lapworth and J(dm W. Judd. IThe accounts of tiie 
ling of the structxtras of the North-west Highlands end tbs Souttkcrn 
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of Scxittand oontidii nothing regarding the work of previous investigatorB, 
empedally ^at of Lapworth, who bad essentially solved both problems before 

Survey covered the ground. Nevertheless^ by implication, the Geological 
Survey is credited with the final solutions. Nor is the omission rem<^ied 
by a footnote (p. a 15) indicating that the history of the investigation (of the 
North-west H^hlands), and full references, are to be found in Geological 
Survey Memoir. However, the aim of the book may have been to present 
the facts of Sir Archibald's life from an intimate personal angle, precluding 
the wider references which would have been appropriate to a more formtu 
history of British geology. 

Sir Archibald Geikie had an enormous power of work and great or^nising 
aHlity. He possessed a fine literary sense and considerable artistic gifts. 
His chief scientific ^blications were his Scenery of Scotland, a work which 
most conspicuously showed his combination of acute geological observation 
with power of literary expression and artistic skill ; his great Textbook of 
Geology : and his A ncient Volcanoes of Great Britain, embodying his best 
research work. 

The reorganisation of the Geological Survey was his biggest adminis- 
trative task. He laid the foundations of the present-day efficiency, and 
established the wide outlook and high standard, which now distinguish 
this organisation. His administrative talent also had full scope during hia 
official connection with the Koyal Society. 

His literary gifts were best displayed in his biographical works on Mur- 
chison. Forbes, and Ramsay, his essays on the founders of geology, and in 
the writings of the evening of his life, when he returned with rest to the 
classical studies of his youth, which he had never quite abandoned. 

The book has two plate illustrations, both portraits, in one of which Sir 
Archibald Geikie is shown as fellow-student with his grandson. There is a 
touching appendix in memory of his son, Roderick Geikie, who died as the 
result of a railway accident in 19x0. 

We are grateful indeed to the members of Sir Archibald Geikie's family, 
who pressed upon him their wish that he should jot down for them the recol- 
lections of his life. The great public to which he was so well known will 
welcome this charming record of his long life’s work. 

G. W. T. 

Pata&ls : Inventton and MeQiod. By Harold £. Potts, M.Sc. [Pp. 
vii + z6o.] (London : The Open Court Company, 1924. Price 35. 6d. 
net.) 

This book is a reprint of six papers, some of which appeared in Naiure, the 
Journal of the Society of Chemical IndusivUs, and the Chemical Age, and 
some were read before the Chartered Institute of Patent Agents. It Is very 
interesting, both on account of the breadth of reading displayed by the author 
and of the novel philosophical way in which he treats the subject. 

Mx* Potts has not tnmuced a textbook — he did not set out to do so ; but 
he has made a contribution to patent literature which is distinctly original 
In style and should stimulate thought and study amongst both patent agents 
and inventors# 

In the first two papers, entitled respectively ** An Application of Mathe- 
matics to l4LW and ** Prediction and Invention in Chemistry/* the author 
is discussing the vexed question of subject-matter in patents, and it Is pro- 
bably not snrprising that he has not succeeded in codifying the condmons 
nxxdar which subject-matter will exist, seeing that distinguished jud^ and 
learned patent counsel have generally feared to attempt so diffi<^ a task, 
the first paper, though amushig, hardly curries one any farther, because it 
theruly states the proHem in mathexnatical language, which is to most peo]^ 
imt the best medi^ for so stating it, though it may enable those queer pdo^ 
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who think In mathmoatical qrmboto to nndetitaiid tilie nature of tibe pfotjlm 
better. 

The third paper, Languam and Style in Patent Law/^ is a very intereattaf 
one and may well be read by uioee who have l^e drafting of patent docainenta» 
and indeed by many others who indulge in scientific writing. The idea that 
literary style is of no importance in scientific writing is a common fallacy, 
and care in this particutar would often greatly improve the scientific vam 
of the work. It is very true, as the author remarks, that ** language does 
more than represent thought f in the very act of expression it mouMs Uio 
fluid thought.** 

In the fourth paper methods of definition are very well discussed from a 
logical standpoint, and, as accurate definition forms so important a part of 
ttm patent agent's metier, may well be studied, though whether any drafts* 
man could consciously apply any particular logical method in dmwing a 
claim is another matter. S^, a study of logic tends to clarify the mind. 

The last two papers, especially that dealing with the *' Influence of Patent 
Law on the Evolution of Kesearch,'* are probably the most practical in the 
book, and should be of interest to works managers and others interested in 
industrial research and manufacture. 

Altogether the book is very interesting and readable. 

Kbe Atmosphere and its Story. By £. Frith. [Pp. 204, with illustrations. 

(London : The Epworth Press, 1924. Price 6s. net.) 

This book is made up of a series of short essays on such subjects as rain, 
snow, dew, lightning, lightning-conductors, meteorites, etc. These essays, 
although sketchy and popular in form, are pleasant to read and contain 
remarkably few inaccuracies for a work of this type. Such inaccuracies as 
have been noted are not of a very serious kind : on page 119, lor example, 
it is stated that ** Meteorologists admit as a well^authenticated fact that 
when the moon is near its full (on either side), clouds have a tendency 
to break up and disperse as the moon rises in the heavens. What the in« 
fluenceof the moon is that causes this dissolution of cloud remains a problem.*' 
The first of these statements might be agreed to by most meteorologisti, 
but they would probably like to add that '* a precisely similar tendencv mdsts 
when the moon is absent from the sky, only the dissipation of .the clouds is 
then not so easy to observe/* Sir Napier Shaw has written illuminatingly 
on this subject in his book ForecasHfig Weather, published nearly twenty 
years ago. 

The iUuatrations are uniformly good, and the book can be recommended. 

£. V. Nbwkhaii. 

sun In Woik and PUiy. By T. H. Pear, M.A., B.Sc. [Pp. 107, and 7 
illustrations.] (London : Methuen A Co. Price 45. net.) 

This book wUl be welcomed by teachers as a valuable contribution to the 
scientific study of the prsictice of education, especially in that pail; concerned 
in the acquisition of skill. Captains of industry, too, and welfare supetin^ 
tendents, seeking the fundamental conditions of efiflciency will do well to 
peruse this thoughtful introduction to a little understood subject. 

W.C. p. 

A Teittocdc of Oeneral floieiiee. Vol. II. Introduction to Chemistry, 
Geology, and Biology. By G. H. C. Adlam, M.A., B.Sc., and O. H. 
Latter, M.A. Science for All Series. viif -f 243, with 67 
Hlustrations.] (London : John Murray. Rice 31. fid.) 

This book covers a wide range, and for those seeking such a test fivse a very 
faksanrsy of the pound covered. Itiemnch to be ieamS that as 0 eohoO 1 
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iMct ft it liabto to btcoine a more cram-book* Scientific etudy nowadays 
elfeni to wide a tcope that there is idwayt a danger that the teaching of 
idence will be an introduction to scientific knowledge rather than to tcientiflc 
methods. The boiling-down that necessarily takes place is rather liable to 
lead by way of loose logical processes to misleading generalisations. For 
Inttance* on page 89 we read : ** Fermentation is thus shown to be a chexnie^ 
and not a " vital ' reaction. It is brought about by a definite substance called 
syinase. , . * Zymase belongs to a class of non-living albuminous substances 
ivkich are the secretions of living organisms.'* (The italics are mine.) Though 
to the scientific reader the meaning is plain, for the young student more 
careful wording is necessary. This is not by any means an isolated instance. 

W.C B. 

With lly Wile Across Africa. By Col. J. C. B. Stathah* C.M.G., C.B.S. 
[Pp. 324, with 55 illustrations and 3 maps.] (London: Simpkin, 
MarshiUl, Hamilton, Kent A Co. Price X 25 . 6d. net.) 

To anyone who enjoys a thrilling record of travel, this book can be thoroughly 
recommended. 

The route chosen by Col. Statham and his wife led, for the first part of 
their journey, through one of the least known parts of Africa — Southern 
Angola. Starting from Moasamedes, they trekked to the Kunene, then on 
to the Okovango, down which they canoed for five hundred miles, and finally 
braved a wide stretch of the northern Kalahari before they reached the safety 
and civilisation of the Zambezi. 

The risks and hardships were greater than even an experienced traveller 
such as Col. Statham had expected, for in addition to ** natural " dangers of 
crocodiles, hippo., lions, the seemingly endless rapids of the river and the 
putrid water of tixe few Kalahari water-holes, they were confronted with 
treacherous carriers while in waterless country, when, to make matters worse. 
Col. Statham was severely injured in saving his dog’s life from a roan.'* 
And, as if this were not enough adventure, danger was threatened from two 
white men, one an outlaw and the other presumably a madman, who shortly 
afterwards killed the outlaw and then shot himself. 

The book, however, is more than a personal record. The author has an 
eye for the lie of the land as well as for natural beauty, and a mind interested 
in the political problems of the region as well as the physical and climatic, 
idtbough his special interest is in its animal life. 

Besides pertinent comment in the narrative, there are appendices dealing 
with the people, the game animals and birds, the physiograpny, geology and 
climate, and the flora. The question of the desiccation of the area is discussed, 
and al^ough Professor Schwarz's conclusions as to the possibility and 
value of flo^ng the Kalahari are perhaps accepted too readily, the first* 
hand description of the varidus watercourses is valuable. 

The political aspect is ably dealt with, the difficulties of administration in 
this sparsely peopled and remote frontier zone being insisted upon, and a 
naciottS triDute is paid to the Portuguese, who are the kindest people I 
have met in all my world^travels." 

Finally, although a big-game hunter, Col. Statham is an ardent advocate 
of hunting with a camera and of the urg^t need for preservation. 

M. R. SRAClCtBTOK. 

A 9$m Rugirti lota^bodk* By A. Blavkby PanciVAL. [l?p. xv 4* 374. 
with ss fllustratkms from photographs and a map.] (London: 
Nisbet A Co., x^. Prk:e x8s. net.) 

Trxs book win remain the standard work on Big Game Shootiiig in Kenya 
Cokmy lor many a long day. It is full of those very details which tte spori^ 
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man wants to know and wtdch he to rarely findi in books. Mr. Serdvil^ 
unique experience among th^ wiM beasts of East Alriea is hardly Hkely to be 
equalled and certainly not to be surpassed by any single hunter again, even 
though he were equipped with the author’s powers of observation and know- 
ledge of natural h^t<^. 

All those who have hunted big game in the past, as well as those who 
contemplate a trip in the near future, will read this book with much pleasure 
and no little proht. The author, who has a keen sense of humour, tells us 
what he has to say in a most entertaining manner. 

In speaking of the laugh of the hyena, Mr. Percival regards it as a cry of 
rage. This is partially true, but all the circumstances under which he gives 
vent to this demoniacal noise seem to vary, and the reviewer would be more 
inclined to ascribe it to occasions when the beast is excited, disappointed, 
or annoyed. 

The author speaks of three races of leopards, namely ; Felis pafdus 
brfts, F, p, suakelicat and F, p, nanopardus. Personally the reviewer would 

very chary of speaking of more than two, and these two have quite dis- 
tinctive anatomical characteristics. They are Felis pardus and F, p, nano- 
pafdus. 

The hrst-mentioned has a very wide range from the coast to the forests 
of the interior and is in point of fact ubiquitous. Its coloration varies from a 
very pale creamy bufi ground colour in the coastal regions to actual melanism 
in the Abyssinian and other forests. In the reviewer's collection there are 
leopard-skins of every gradation of tint, and it would be difiBcult on colour 
characteristics alone to divide them into two local races or subspecies as the 
coloration gradually darkens from the coast species to those found in the 
mountainous and forest regions of the interior. l*he world's record leopard 
was obtained within twenty miles of the coast in British SomalUand, and it is 
considerably bigger than any leopard obtained in the far interior, although 
on the whole possibly the forest animals are larger, as they are seldom seen 
or i&ot, whereas in the coastal regions, particularly in Sonmliland, there is 
constant war being waged against them by the Smalls. With regard to 
Felis pardus nanopatdus, this diminutive, rare, and distinct subspecies is 
only found in the Horn of Africa and appears to be distributed chieny in the 
waterless regions from the coastline of Italian Somaliland through the Nogal 
Valley to the Ogaden country. Only lour spiximens have so far b^n 
obtained, one of which was lost in transit to England. The remaining three 
are in the Natural History Museum. The reviewer's specimen was shot 
within a few miles of Obbia. Thus it will be seen that every variety of 
leopard is found in the Somali country, from Felis pardus nanopardus to 
the world's record specimen, which was 9 ft. 4 In. (undressed sldn). As 
regards lions, he is a bold mammalogist who attempts to divide them into 
low races. 

Unlms the reviewer is very much mistaken this book will pass into mors 
than one edition, and attention may here be drawn to one or two errors which 
should be corrected in future editions. On page 154 there is a plater's 
error ; Hyana striata schillongsi, should read Hymna striata schilUngsi, while 
on p^e 176 the hhre plant vdddi the elephants in the north-eastern frontier 
province so enjoy in the dry weajlber is Sansevisria ckrenbergii. Lastly, 
the practice of calling Somalis Somals should be dropped. No Somali 
was ever heard to speak of bis brethren as Somals. 

The book is handsomely produced and the author's and Mr. Martin 
Johnson's photographs are all good, while the map giving the present Oame 
Reserves in Kenya Colony completes a very mood book, which » destined to 
find a certain place ,ainom the equipment Cl every sportsman or naturalist 
who visits Kenya, 

Dnam^BiocaciiAilt 
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WiLUAMftON, M.Se« In Three Volumes. vol. i 43S, yoI. il 

496, vol. iii 487.] (Cambridge: At the University Press, 1924. 
Price 755. net.) 

This book may beat be described as ** an exhaustive treatise/' and will un* 
doubtedly become a classic work on its particular subject. When we consider 
that the author has laboriously gleaned all his knowledge by sifting the works 
of other writers (for one gathers that he has never resided in Polynesia, and 
that his personal knowledge of the Pacihc. whether Polynesia or Melanesia, 
is limitea to an expedition in 19x0 to Papua) it is amazing how accurate he 
is and how sound are the conclusions at which he arrives. In fact, the pub- 
lishers' announcement on the outside cover disarms such criticism from the 
start, for it is there stated that : 

"... In these throe volumes the author has attempted to sift, arrange, 
and , co-ordinate the vast amount of ethnographical material which has b^n 
accumulated in the past by travellers, explorers, missionaries, government 
o8&cials, and others. . . 

One wonders whether the order in the above sentence is intentional, and 
if so whether such a low opinion of the value of the work done in ethnology 
by government officials is really held bv the author also. Recent corre- 
spondence in The Times has shown that the authorities at the Colonial Office 
and, indeed, government officials in general, are nowadays by no means 
blind to the value of applied ethnology where administration is concerned. 

Anyhow, this book can certainly take a place of honour as a companion 
to Rivers's great work on the History of Melanesian Society, and as one of the 
valuable flowers of ethnological research that may be said to have blossomed 
from Frazer's immortal Golden Bouj^k^ The book is indeed a scholarly work 
of learning, amd is evidently not wntten for the ordinary reader ; but even 
to the student of Pacific ethnology it is not a book that can be easUy assimi- 
lated at one perusal, and the style cannot be said to flow in the easy way 
that made the Golden Bough such delightful reading to one and all. As an 
example may be quoted a passage taken at random from the first volume. 

". . . . Kr&mer says that Lealali politically organised Savai'i. There 
can, I think, be little doubt that Pili was a Manu'an ; and it is noticeable 
that we have the two statements, one that Pili's son Tolufale founded Savai'i, 
and the other that Lealali organised it. 1 find no ground for suggesting 
that Tolufale and Lealali were the same person ; but, according to one of 
Krfimer'fl genealogies, lealali was the grandson of a woman, Pili-le-So'opili 
who married a tuimanu'a ; so it is quite possible that Lealali was a member 
of the Pili family, of whom the god Pili was the ancestor, and he may have 
been descended from Tolufale. If he was a descendant of Pili, he also was of 
Manu'an origin. On the other hand, there are the genealogies, given by 
Stuebel, von Bulow and Kr&mer, according to which Lealali was the son of 
Ationgie. ..." 

With regard to the great Polynesian trek into the Pacific the present 
writer concurs with the author's view that the main, even il later, wave 
(that of the Tangaroan cult) reached Fiji more or less en masses and after 
settling there for a number of mnerations dispersed to colonise other groups, 
including New Zealand. Ana it is mostly with the social and political 
systems of these " Tangaroans " that the author is concerned. If there is 
any adverse critic/bm of such a valuable book to be made, it is only to regret 
thst petbsps the author has been apt to devote at times too much attention 
to one aspMt of the subject, and too little to others. For hsstanoe, those d 
ixi who have lived among and in close contact witfi these islanders of the 
iPacific realise that the outstanding feature in the social and politic syitMUS 
isthittdati&gtothetenm BveryihiiigbingesM^^tetot^^ 
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tiatlva»-<-who do not. or at laaat did not. import thdir food Kmm tto ontsMo 
woi^ — land meant life. The ownership of land and the riAt over ihi prodnoe 
is and alwim baa been the one vital matter to these peoj^e. and the gradual 
evolution df the land system is, therefore, of the highest importance> vet the 
authm* only devotes two chapters out of the torty-four chapters of bis book 
to this, and in his Recapitnlation somewhat summarily dismisses the subject 
by stating : , The evidence as to the controlling power of the head of 

the group over the land of the group is too detailed and diverse for more than 
a very general survey. . . «** But in another place he bints at the possibility 
of a fuller book, mid one would be glad to think that this important question 
may be then more fully dealt with. One also is led to hope that the author 
on some future occasion intends to discuss at length the fascinating moblem 
of the migration of this race, and he may even have some further light to 
throw on some of the most suggestive similarities between the Polynesians 
and the ancient inhabitants of Central and South America, and even the 
Caribs of the West Indies. 

One cannot leave this book without reference to the admirable manner in 
which the subject of Totemism, as it relates to the Pacific, is discussed in 
volume two. This is one of the most valuable contributions to the subject 
1 have yet seen. 

Altogether it is a book that will live. 

T. R. St. JfoRHSTOM. 

Everyday Physios. By H. E, Hadlbv. B.Sc. [Pp. viii 4- 474. with 425 
iHostratiotts.] (London : Macmillan & Co. Price 6s, 6d,) 

The Purpose of Edueatiom By St. George Lane Fox Pitt. [Pp. 91 4* xxix.] 
New cheap edition, revised and enlarged. (Cambridge; at the 
University Press. Price 45. net.) 

The Humanliing of Knowledge. By James Harvey Robinson. [Pp. 117.] 
(London ; Hodder A Stoughton. Price 55. net.) 

These three books fortuitously coming together to the reviewer's hand have 
to some extent a common purpose, perhaps best expressed in the title of the 
second book on the list, namely, the humanising of knowledge. 

The publication of a cheap edition of Purpose of Educaiion affords 
to all scientific teachers and thinkers an opportunity that should not be 
missed of adding to their library a book that is a milestone in the progress of 
human thought. Teachers particularly will find it highly stimulating, end, 
what is more, curative in a real sense of the false ideals of to-day. The 
physicist and the biologist will both appreciate an angle of view that eo weU 
accords with their own line of approach to those problems which form tiie 
common basis of all knowledge. 

The concluding summary is indicative of the high tone and broad Unas 
of the whole book. Two Aort extracts will suffice. 

** Thebelieftjmt' we were meant to be happy. * i rreepecttve of all evidence 
to the contrary, is a dduskm deeply imj^lanfod in our natures. . . 

* If instead of postnhrang the incongruity that * we were meant 
tobehappy,^ we were to eay that we all should, as in duty bound, team liow 
to become truly happy, we should be nearer the mark ; and, indeed, this 
amended postulate supplies us In a nutshell with a serviceable formula for 
the purpose of education.*' 

Tho Humanising of Keomkdgs, by anitoierican wri ter , deals with asimOtr 
subject, though mm a somewMt dlfiterent standpoint. It shouri hour the 
enormous mass of dstatt that has aoenmulated with modem knowledge tends 
to divorce from it pH human interest, the wmnr makes an agj^ for 
naother line of approach to adentiffe and kide^ eB knOaMga foom tfi^ 
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liirtiiif-potot of mu himtell* or ratlier, from his potitkm in tbo uaivonm. 
A ^ootatton will make the writer's intention dear. 

** The object of this little volume is the attempt to reassess our failuiee 
and possibiUtiee in the development of inteUigence; especially to make 
clear why ... we have failed to make connection between education on 
the one hand and the obligations, pitfaUs, and amenities of life on the other/* 

The book is worthy of perusal. 

As the title suggests, Ev^yday Physics is an attempt to humanise know- 
ledge. It is a hopeful sign that the recent school texts in science are being 
brought into close touch with daily life, though most of them still err in being 
too academic. Even though it may not be found possible to use Mr. Hadley'S 
book as a school text, it should at least find its place in the science library. 

W. C. B. 

Oollsge Muual ol Opttos. By Lloyd William Taylor. [Pp. lx -f 136.] 
(Boston, U.S.A. : Ginn A Compuy. Price 125. 6d. net.) 

This is a treatise of a somewhat unusual character, being neither a laboratory 
muual nor a theoretical textbook, but something between the two. It is 
intended, in fact, to take the place of both — u ambitious project, which 
comes as near success as could reasonably be expected in such a small compass. 
In parts, notably the sections relating to interference, it is extraordinarily 
good, as of course is but natural for a book issuing from Michelson's labora- 
tory. Throughout it is clear ud straightforward, abounding in useful 
practical hints and interesting and instructive experiments. If one could 
turn a student loose in an optical laboratory with only this book to help him, 
he would learn far more optics thu from any conventional course. 

On the whole there is little to criticise. But wo have always regarded 
Nicol as of Scottish, not German, extraction. At uy rate, is there not a 
tablet to his memory in Edinburgh University ? And although it is most 
necessary to discourage the student from clamping too tightly the end plates 
of a poUi^meter tube, the reason against such procure is not that it makes 
them '* optically active," but rather that it may introduce elliptical polarisa- 
tion. Objection might also be taken to one or two other details in the 
section on polarimet^, as for instance the omission of the Lippisch polariser 
in favour of the Laurent, now practically obsolete in serious work. 

There are a number of appendices dealing with laboratory manipulation 
which are for the most part oi a very useful character (s.g. on silvering and 
balf-silvering mirrors). But should it be necessary in a book of this standard 
to include explanations of the simple vernier and spherometer ? If a student 
is really in need of such instruction, the probable fate of an interferometer 
antruatcd to him does not bear contemplation. Curtis. 

OpUoil Measuring Instmmenls ; tbeir Oomtenettmi, Theory » end Vee. By 

L. C* Martin. [Pp. viii ^ 270.3 (London ; Blackie k Son, 1924. 

Price tfs 6d. net.) 

TftB application of optical meBiods to tDutine and research work in all 
braitCM of science, pure and applied, has in recent yeaxs been so sucoeatful 
that to ignore its possibilities is to place a serious handicap on the investigator. 
On the other hand, the use of a strange instrument, the basic principles of 
which are often but dimly understood, is a most fruitful source ol coniuekm 
and error. There can be no doubt that the time was ripe for such a book m 
tibds, which deals with the construction and use of the more important optical 
tostraments from the point of view of a user who may be neitW a {Aysleist 
nor atedmioaloptkdw The ground covmd is considerable ; range^indeiA 
•urveying andastronomioailnstnmm spe c tr o metexe, refraotonietexi, pdati- 
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]ii«tmaiidpboftaii«itmdtetaittOitof l^aTopagat^ 

a dbmpt&r dealing with ertors and accuracy of obcenrattoiiB also find a placiw 
Dr* iiartiii had auooeedcd in compreasing a remarkable amount ol informa** 
tkm into this comparatively small compass without the least sacrifice of 
daiity treatment or literary form. 

At the same time the very comprehensiveness ol the book renders it 
almost impossible that every instrument should receive really adequate 
treatment, and we must confess that we should have preferred to see an 
expansion of the material into two volumes, one dealing, say, with range- 
jading, surveying, and astronomical instruments, and the other with the mors 
purely physical t3rpes. It would then have been possible to remedy certain 
omissions, such as colorimeters and instruments omplo3ring inti^erence 
effects. It is lack of space, no doubt, which is also responsive for the absence 
of any description of the eye or of the common forms of eyepiece, for both 
of these would seem naturs^y to find a place in such a book as this. 

The general appearance of the book is very attractive ; the diagrams are 
excellent and misprints exceedingly few. The diagram illustrating the use 
of a right-angled prism as an index mirror for the sextant is obviously wrong. 
And on p. 206 we read concerning polarising prisms that *' Prisms with end 
faces which are not normal to the transmitted light produce a certain amount 
of elliptical polarisation in the transmitted light.*' This is somewhat mis- 
leading, as the elliptical polarisation introduced by such prisms is due either 
to strain in the bal^m film or to partial depolarisation of the plane-polarised 
beam, owing to cloudiness of the Iceland spar. The effect of refiection or 
refrac^on is in general a rotation of the plane of polarisation, an efiect which 
may cause serious discrepancies in photometric work. 

Not only the instruments, but suso the chief errors and their elimination 
are discuss^ with conscientious thoroughness, and this constitutes a very 
valuable feature. But in the discussion of critical angle refractometry a very 
common and serious error is overlooked, namely, that the film of substance 
must be of suflicient thickness. On the other hand, Dr. Martin deserves 
well of the physics student and teacher for his denunciation of the ** split- 
beam " method of determining prism angles, the fundamental unsonndness 
of which is too little appreciated. 

It is certain that the book will appeal to a very wide circle of workers^ 
and might very well find a place in every ph^cs laboratory also. 

Praettsil Kcroioopioal Metallograpliy* By R. H. Grxavbs, D.Sc.» and H. 

WaioHTON, B.Met. [Pp. x -I- 123, with 184 figures,] (London : 

Chapman A Mall, Ltd., 1924. Pri^ 16s* net.) 

In the preface to this volume the writers state that their intention was to 
provide, within a small compass, a set of t3rpical photomicrographs, suitably 
annotated and accompanied by an account of such related matters as might 
profitably occupy the minds of students during the hours devoted to micro- 
scopical work. From this point of view it may be said at once that the 
book accomplishes the aims of its authors. 

The preliminary chapters deal in a general way with the technique of 
microscopical examination. It must be admitted that this part of the work 
is somewhat sUg^. In the first Vsce there is no detailed discussion of the 
optics of the microscope, which is perhaps somewhat unfortunate, for, as a 
general rule, the average student of metallurgy is insufikiently acquainted 
with the physics of this instrument. It must be added that, although the 
optics of the microscope are not considered, some useful hints are given on 
Uluminatiou. 

miorographical part of the book Is well arranged. As is to be eacpeeted, 
oonsiderabie attention is devo^ to iron and carbon steela There H n 
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Mrf dlioiiMion oi the equilibrium diagram, and the varkma ebmctnm 
ean be obtained by different heat treatments are iUuatrated in many exoettent 
frfiotographs* A careful reading should subsequently enable the student to 
indicate in a general way the t3rpe of structure to be expected after any given 
treatment which is not too complicated. From carbon steels, the con* 
sideration of alloy steels naturadly develops, and some mention is made of 
the nickel steels, the manganese steels, the nickel chromium steels, etc. The 
treatment here is necessarily brief, which is perhaps an advantage, lor the 
alloy steels are so complicated that a simple and brief introduction to them 
can lay a better foundation than a wider and more comprehensive treatment. 

The last four chapters deal with the metallurgy of copper and its alloys 
together with some alloys of aluminium and zinc, the treatment being similar 
to that pursued in the case of iron. 

One interesting feature of the book is the fact that not only does it con- 
sider the various constitutional diagrams from what might be termed 
an academic standpoint, but it also contains notes dealing with the 
physical properties and manufacturing applications of many of the alloys 
considered. The most striking aspect of the book, however, is the very fine 
series of photographs, to the number of more than a hundred, with which it 
is illustrated. These photographs set up a standard which even the most 
careful and assiduous student can hardly hope to reach until after long 
experience. 

A. A. D. 

The Science of Metals* By Zay Jeffries, B.S., Met.G., and Robert S. 

Archer, M.S. [Pp. xvii -f 460.] (London : McGraw-Hill Book Co. 

Price 25s, net.) 

The opinions of the author of every book are g^erally reflected in its contents. 
The scientific study of the properties of metals, however, is essentially practical, 
and the results of experiment should be stated as fairly as possible in order 
that the reader may draw his own conclusions. In The Science of Metals 
the authors have followed the opposite course. They devote a large part of 
their book to the discussion of purely theoretical considerations with scra|a 
of experimental evidence — in many cases without references — thrown m 
here and there to support their views. Further, many statements are made 
for which, so far as is known, the evidence is even contrary, as for example 
that on page 164, dealing with the mechanical properties of metal crystals, 
where they state : Any deformation short of rupture produced by an 
external force disappears on removal of the force." It may also be mentioned 
that their theories of work-hardening and the recrjmtalli^tion of metals are 
not universally accepted by metallographists, which makes an unbiassed 
account of these phenomena even more desirable. 

The book also suffers greatly from repetition, almost the same words 
appearing again and again. For example, the question of the deformatiem 
of metals is dealt with in the chaptm on the crystalline structure of metals, 
on the amorphous theory, on ciystal growth and recrystallisation, on the 
mechanical propeiiies of metals, on the hardness of metals, and on the 
structures of aggregates (Chapters iii, iv, v, vi, x, and xi). Again, there is 
no connected account of the metallograj^y and properties of iron and steel, 
as these are dealt with under several headings involving further uxmecessary 
repetition and confusion. This is due partly to the fact that much of the 
material in the book tomed a series of articles in Metallurgical and Chemical 
Engineering, where a fault of this kind is not so apparent. Many elementary 
demiitions are given, such as the difference between a mixture and a chemiosl 
compound (p. 220), which it might be assumed that readers of a book ol such 
an advanced nature would Jmow. If these were excluded and the rest of the 
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nmterial condenml, tldis hook ivonld ho mom ^miocmo to acfamtifie mah &ti k 
09 tho Kuthors hmvo tooMaod that the study of metals is only a branch oi tlni 
study of iho stmc tom of matter as a whiue> and that the problems of tbs 
metallographlst am only a apecialiaed form of Ihose of ^ chemist and 
physicist. 

C. F. Elam. 

lbs X«ike-l^Ilafes ol tomsiapt. By AaTnoa BuLtsm, L.R.C.P., F.S.A. 
nPp. 78, with 28 plates and 6 illustrations.] (London : Folk Press, 
Ltd. Price 25. net.) 

In this admirable little book Mr. Arthur Bulieid, the discoverer of the 
Glastonbury lake-village, describes this site, and another, of a similar natum, 
at Meare, in the same locality. The volume deals mainly with the 
famous Glastonbury remains, and these are described clearly and with much 
detail. The illustrations are numerous and excellent, and it is altogether 
to the good that this important English settlement of the Age of Iron should 
have l^n found and investigated by so careful an archeologist as Mr. 
BuUeid. The manner in which the hut dwellings of Glastonbury were built, 
and the methods adopted to raise the whole occupied area above the level 
ol the swamp, are indicated, while the utensils, tools, and weapons used by 
the inhabitants are descril^d adequately and in an interesting manner. 
Mr. BuUeid exposes the unfounded nature of the suggestion, by Sir Wm. Boyd 
Dawkins, that the Glastonbury viUage was sacked, and tj^ people living in 
it destroyed, by an enemy attack. The book can be recommended with 
confidence to all who are interested in the inhabitants of this country just 
prior to the Roman occupation. 

J. Rsxd Moir. 

Pfeiiioiples ol Uterary Orttloism. By 1 . A. Richards. Lecturer in EngUoh, 
Magdalene CoUege, Cambridge. [^. 290.] (London : Kegan Paul, 
Trench, Tnibner & Co., 1925. Price lor. Od. net.) 

A TAILOR who is invited to construct a suit of clothes for a customer begiiM 
by showing him numerous samples of various fabrips for selection. In this 
b^k the reader is presented with thirty-five similar samples of various 
literary theories in as many chapters and, after hearing statements reg^ding 
their ** values,*' and so on, he is asked to make his own choice. He wiU find 
some well-written passages, some clever sentences and observations, and manv 
short quotations from authors whom (possibly) he cannot identify ; but (if 
he is as dull as ourselves) he will probably be s^l looking for the ** principles 
promised in the title, even when he closes the work. It is not a short w^k, 
but is typically** modem ’* in its allusiveness, elusiveness, and inconclusive* 
ness ; and what light it shows is nebular rather than stellar. The history 
of literary criticism har generally proved to be a history of defeats, and the 
academic point of view to be the worst one : but the tactics of this book 
are so FaUan that they are not likely, we think, to achieve either success 
or disaster, though they will keep us wandering at leisure in pleasant places. 

R. R. 

Tbo Ants of Tb&ofhf IhBinmel. By Arpad Fbrbkczy. [Pp. 320.] (Lon« 
don : Jonathan Cape, 1924. Price 75. 6d. net.) 

Sour of the most permanent works in literature are those which, in the guise 
of fantastic or impossible tales, teach us in allegory the truth about tnanldiid 
or attempt to foretdl our future ; and GuUivors Travels, Peler Wilkins, Tks 
Coming Race, and The Time-machine combine so much philosophy wi^ 
amusement that we are doubly edified. This book is of the saw class, except 
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tliit we ind in it no parable of adventure, but only a history of certain small 
tribes <A African ants found written by those creatures on leaves by the 
iagenious Thdmmel, who we regret to hear died by his own hand in Conse« 
qnence of the ridicule which his discovery brought upon him — not a rare 
reward of discovery. Regarding who exactly the compiler of the book 
may be, we have our own doubts, which we do not propose to discuss ; but 
the end of the work contains some admirable Notes on the Social Life of the 
Ants, made with the assistance of Miss £. L. Cheesman, F.Z.S., F.E.S. (now 
in the Pacific), who seems to hold the same position in regard to the Zoolo^cal 
Society of London that Thummel held with regard to the Zoological Society 
of Budapest. These notes include copious references to the large literature 
on ants, and much pleasant information regarding those highly civilised 
Lilliputians of the sou. 

Like ourselves, the ants of the Aruwimi Glade commenced aeons ago with 
a Golden Age — ^when they worshipped the original goddess-ant who dwelt 
invisible somewhere at the top of a tree in the glade. Then, like us too, 
they fell and developed kingcraft, priestcraft, warcrait, prophetcraft, school- 
craft, and even authorcraft — to invent some useful words. But these inno- 
vations set them all by the antennae, and their corpulent priests, heavy- 
jawed warriors, and enterprising prophets exploited the innocent workers in a 
shameless and often sanguinary manner. How the Aruwimi ants finally 
escaped from these tyrants and learnt that ** the only clear title to life is 
labour ** will be discovered by the persevering reader. 

Mark Twain pointed out that an ant will sometimes crawl to the top of a 
stalk and down again the other side rather than walk, more simply, round it ; 
but so will even philosophers. We must not depreciate their intelligence in 
consequence ; and the lesson of this book is that both have still far to go 
before they reach the ultimate wisdom. 


R. R* 
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